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I wish in considering a third example to examine the work 
that we do in connection with the study of the digestive system. 
It is plainly impossible to give this matter anything like a thor- 
ough treatment here. But I want to direct your attention again 
to what is in the books. In a much used laboratory guide, pub- 
lished later than A. D. 1900, I find, in a word, the following 
treatment of the digestive system :—About twenty types are stud- 
ied, and in practically all of these, the digestive organs are studied 
morphologically in some detail. And what physiological work 
is done? My dear fellow toilers, I can tell you that with less 
than a word—there is none, absolutely none! Not only is there 
not one experiment or observation recorded to show the nature 
of the process of digestion; not only is no mention made of any 
specific ferment or enzyme, but the words enzyme and ferment are 
not in the book ; and, although five vertebrates are studied it can- 
not be learned from this volume that such things as gastric juice 
and pancreatic juice exist! 

Nor can it be urged that there was not room in the book for 
the names mentioned above ; for, I find there, abundance of space 
for scores of such things as the ‘pedal ganglia’ of the clam, 
‘preopercle’ of the fish, the ‘digastric’ and ‘posterior cricoary- 
tenoid’ muscles of the rabbit. It would take too much time for 
me to state in detail what physiological work I think should be 
done in this connection, I shall therefore content myself with the 
general statement that if we study digestive structures we should 
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study the digestive process. And nothing less than a study of 
the digestive process will suffice, for this is the real function of 
the digestive organs. ‘ 

This means that our laboratories should become the source of 
accurate ideas of digestive processes, in just the same way that 
these laboratories are now so well supplying correct and compre- 
hensive ideas of digestive structures. 

It will not answer our criticism of the above mentioned guide, 
to say that in the reading done for recitation work in zoology 
the student will find many, or at least some, physiological facts 
This does not reach the matter at all, for physiology is as dis- 
tinctively a laboratory science as is morphology. 

Now, | believe that the three examples which I have discussed 
are fair and representative ones. The first is an example of a 
unit of structure ; the second, that of an organ; and the third that 
of a system of organs. 

If the view expressed here is correct there is a considerable 
shortage in our physiological accounts. And, it seems to me that 
at this time it is not as necessary for me to indicate with what par- 
ticular funds the account may be balanced, as to urge the desir- 
ability and necessity of ‘making good’ our deficiency. I shall, 
therefore, say little more about what physiological work can be 
done—for to this there are no limits except those of time—and 
shall content myself with a consideration of some of the reasons 
for doing more of this work. 

There is at present little chance for the high-school student to 
come into possession of even the elements of a rational analysis 
of the actions and functions of his own body. When we recall that 
more than go per cent. of our pupils do not continue their studies 
beyond the high school, that the high school is the people's col- 
lege—it would seem that we teachers of Biology should hardly 
be content with what we are doing. I hope that what I am say- 
ing may not sound too much like complaint of the zoology work 
that is actually being done. That is far from what I have in 
mind. I, for one, am firmly convinced that our students find no 
more profitable year in the entire secondary school course, than 
that spent in zoology. But this is no reason why we should not 
make our course better; no reason why we should not live up to 
the splendid possibilities of our subject. Our field is so wide, the 
range of choice of material so great, the intrinsic worth of the 
great facts and principles of life phenomena so surpassing, that 
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no man whose soul has once been stirred, and whose interest in 
life and living has been remade, should be satisfied until the great 
thoughts and works of the masters become the soulful songs of 
all our students. What I am contending for, then, is that in our 
work physiology shall have a larger, a much larger share. This 
contention, I am glad to say, has already appeared in many quar- 
ters. In Prof. Bigelow’s recent book on “The Teaching of 
Zoology” (Longmans, 1904) it is most ably treated. In the 
course which he incidentally outlines, however, I do not believe 
that he gives physiology the prominence it should have, nor the 
prominence which his own views, expressed elsewhere, would 
vive it. 

| maintain that the question of the content of the zoology course 
cannot be permanently settled until we recognize the prime divis- 
ions of the subject, morphology and physiology in their natural 
relations, i. €., as coextensive, and the one of little meaning with- 
out the other. Furthermore, a final settlement of the matter im- 
plies that in the selection of types to be studied the claims of 
physiology must be considered. Not all types are equally well 
adapted for the study of functions. Many writers have discussed 
the respective merits of the frog and the crayfish as types intro- 
ductory to zoology. I have yet to find such a discussion in which 
the possibilities of physiological study of the two are seriously 
considered. All of us probably, would say upon reflection, that 
the advantage here is clearly and decidedly with the frog. 

I believe the day is near at hand when the zoologists of secon- 
dary schools will seriously search for the best and fittest problems 
in the whole field of zoology. Such a search cannot but bring 
the most splendid results, if, to the task they bring the same 
energy and zeal which has so well equipped their laboratories, if 
they employ the same interest and power which has with great 
success brought their students close to nature. I hope, however, 
that future search for the best and fittest in zoology will not fail 
to find the rich but hitherto neglected fields of phvsiology. A 
master in zoology told us long ago that in this subject—“The 
teacher should endeavor to bring his pupils face to face with the 
great problems of nature as though he were the real discoverer.” 
I wish to ask what problems can be treated more easily, outlined 
more clearly, than physiological problems? What problems yield 
to more rapid or complete demonstration? In what problems can 
you more satisfactorily reproduce the original steps of discovery ? 
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According to my way of thinking it is through the physiological 
side of our subject that we can best hope to bring our students 
to realize that animal life is not a static, but a dynamic thing. 
Some may object to this statement and declare that in all of our 
zoological teaching we give prominence to such facts or principles 
4s adaptation, metamorphosis, growth, evolution, etc., and thiat 
all of these speak loudly and clearly of change. This I gladly 
admit. It is the great and peculiar merit of biology that it has 
pictured to man the entire organic world, not stranded in the 
quagmire of immutability, presided over by the ravens of despair 
and the owls of superstition, but as an advancing series of won- 
derfully adapted things, even now carried on by a momentum 
which gives assurance of yet greater fitness and higher perfec- 
tion. 

I must reply, however, that the above mentioned work is 
scarcely a part of the laboratory hour, but is done in discussions 
ind reading. And no one knows better than zoologists that the 
«acts of living things cannot be properly learned through the 
symbols found in books, but must be had from direct handling of 
the objects. And what objects do our students handle, and how 
do they handle them? I answer that in a majority of laboratories 
they use dead, unyielding specimens which have centralized 
within themselves all of the rigidity that is within the power of 
over-proof spirit to impart. With these objects—grotesque cari- 
catures of living, adapting beings—they spend their hours. But 
I fear that as these hours pass by, the industrious worker has 
difficulty in keeping uppermost in his mind, the recorded fact that 
animals are continually changing and adapting themselves; yes, 
I fear he loses all thought of activity and change, for the page 
now seems so dim and distant, while the harsh, metallic sound of 
the mummy-like star-fish falling and sliding on the table seems 
so changeless and so near. 

I wish now to say a few words about the place of Ecology in 
the secondary school course. Though the amount of morpho- 
logical and physiological work is limited only by the length of the 
zoology course, the same cannot be said of ecology. There are 
here certain natural and more or less definite bounds to what may 
be done. These limitations arise directly from the nature of the 
subject dealt with. Most animals live well outside of city limits, 
while the school and students are usually found well toward the 
city’s center. It is necessary that the animals studied should be 
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under natural or normal conditions, and therefore it is often im- 
possible to properly study animals which are brought into the 
laboratory. Here the plant ecologist has a decided advantage of 
the student of animal life. Plants may be kept more often than 
otherwise under quite natural conditions either inside or outside 
of the laboratory, the ecological study of the plants being merely 
their analysis from the standpoint of their physical and chemical 
relations to the environment. The zoologist, however, has an- 
other very different factor to deal with in the nervous or psychical 
phenomena of animals. On account of the presence of the nerv- 
ous mechanism the animal seems at times to refuse to be governed 
by the physical and chemical environment. In this field there 
is interest alike for elementary and advanced students of zoology 
and of psychology. Animal ecology, on account of this added 
factor, is plainly more complex than plant ecology. This fact, I 
think, also accounts for ecological botany being a much better 
developed science at present than ecological zoology. 

The fact that ecological relations are at times complex and 
obscure, is however, no reason for neglecting them. They often 
have to do with the most important animal activities. Ecology 
bears much the same relation to the organism as physiology bears 
to the organ, and might well be called the physiology of the organ- 
ism. Bigelow justifies the place of ecology in elementary zool- 
ogical instruction not only on account of its practical value, but 
on the ground, “that it is undoubtedly the most interesting part 
of all zoology, not-only for young pupils but also for the majority 
of citizens of liberal education.” I would note one fact, however, 
in connection with the passage just quoted, it should constantly 
be borne in mind that our teaching in high schools is not merely 
to interest pupils in animal life, for that is properly the work of 
the nature study in the grades. In the secondary school zoology 
must be presented for the sake of those principles which like 
chemistry and physics will appeal to the pupils because of their 
value as knowledge. 

But whatever the importance and justification of ecological 
work, shall we expect it to transform and revivify zoology in the 
same way that it has in recent years rewvivified the subject of plant 
morphology? My own answer is negative, and for this reason: 
Plant ecology lends itself well to laboratory study. Animal 
ecology does not do so. What the old, dead, plant morphology 
needed in order to live, was to be brought in contact with life ac- 
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tivities. This ecology yielding itself to laboratory experiment sup- 
plied. Animal ecology is hardly a laboratory study and can never 
strike fire into the lifeless body of animal morphology. This 
beautiful bit of work must be done by physiology, which like the 
giant Antaeus turns to life everything with which it comes in 


contact. 
As my last word on animal ecology I will say that I believe 


’ that it will never come to have a very important place in labora- 


tory zoology. It should have a prominent place in the text-book 
work, and there are already several books which fairly fit our 
needs. Jordan and Kellog’s “Animal Life,” Davenport’s “Intro- 
duction to Zoology,”” and French’s “Animal Activities” are among 
this number. 

In conclusion, I want to speak of one or two matters having a 
general bearing on our subject, and to say a final word in justifi- 
cation of physiological work. 

In the history of zoology teaching we find that natural history 
was for many centuries given too high a place. Indeed, in those 
days the scattered facts of external structure, movements, habits, 
and life histories were all that was known of zoology. Later, 
morphology secured an almost complete monopoly of the field; 
it is I believe at present emphasized, and it is only recently that a 
reaction has given other phases of the subject the slender share 
which at present is theirs. 

It may not be out of place here to note that the physiological 
side of zoology is being more and more valued by the workers 
who are making the richest contributions to the science of zool- 
ogy. I quote the following words written in 1892 by Prof. Whit- 
man of the University of Chicago: “Morphology and physiology 
are two quite distinct sides of biology, each with definite and 
constant peculiarities of method and aim; but these two are only 
the statical and dynamical side of one and the same thing; one 
represents the features the other the expression. It is only as a 
matter of convenience that these two aspects are dealt with sep- 
arately ; they are complemental and have their full meaning only 
when united. 

The history of morphology and physiology is one continuous 
illustration of their interdependence. When the famous Harvey 
was asked what led him to think of the circulation of the blood, 
he at once referred the original suggestion to one of the morpho- 
logical features of the vascular apparatus—the valves and their 
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arrangement. The hint furnished by structure was then fol- 
lowed up and tested by experiment, and the result was a discovery 
that brought the position of valves, pulsation of the heart, effect of 
ligatures, and other facts, into rational relation to one another.” 

I quote, also, the following from Hertwig: “In the study of 
the cell, the botanist, the zoologist, the physiologist, and the 
pathologist go hand in hand, if they wish to search into the vital 
phenomena which take place during health and disease. * * * 
The cell is not only the morphological unit, but the vital physi- 
ological unit of an organism.” 

Prof. Bigelow, in the work already quoted, says: “The im- 
portance of interpreting the activities of the human body from the 
comparative standpoint seems sufficient reason for advocating 
the consideration of the fundamental principles of physiological 
action in connection with the study of elementary zoology. No 
other phase of zoological study arouses deeper interest and ap- 
preciation, or is more spontaneously applied by the pupils in con- 
nection with their own life-activities. It is scarcely necessary to 
offer a stronger reason for including physiological study in an 
elementary course of zoology.” 

It is, I believe, impossible, even for a leader in Zoology to main- 
tain to the end of his life, a sustained interest in pure morphology. 
The lives of some of the masters in this branch support the state- 
ment well. Cuvier and Agassiz, two princes in the realm of 
Morphology, gave a large share of the last years of their lives to 
a consideration of theoretical and philosophical zoology—and, 
strangely enough, each went wrong on the greatest question of 
his time. 

Cuvier, by failing to mention Lamarckism in his writings and 
by other direct means, did all in his power to suppress that doc- 
trine, while Agassiz won undying fame among our American 
Poets by his vigorous opposition of Darwinism. I do not wish by 
this reference to imply the undesirability of morphological study. 
but I do wish to throw suspicion on its adequacy. Morphological 
study is grossly inadequate in the study and interpretation of any- 
thing alive. 

It is through physiology that we introduce the student to the 
many unconscious forms of activity which are the really dis- 
tinctive points of an organism. In the quiet body, apparently at 
rest, he comes to find the most wonderful of all changes. “Un- 
conscious activity,” says the poet Holmes, “is the rule with the 
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actions most important to life. The lout who lies stretched on 
the tavern-bench with just mental activity enough to keep his 
pipe from going out, is the unconscious tenant of a laboratory 
where such combinations are constantly being made as never 
Woehler or Berthelot could put together ; where such fabrics are 
woven, such colors dyed, such a commerce carried on with the 
elements and forces of the outer universe, that the industries of 
all the factories and all the trading establishments in the world 
are mere indolence and awkwardness and unproductiveness com- 
pared with the miraculous activities of which his lazy hulk is the 
unheeding center.” 


The action of ultra violet rays upon glass has been observed by Franz 
Fischer, a German scientist. In order to make the researches, he uses a 
mercury arc contained in a quartz tube as a source of the rays. Samples of 
different kinds of glass are placed quite near the tube, separated from it by 
a very thin layer of air, or the air can be replaced by hydrogen. By using a 
water-cooling device the apparatus is not allowed to become unduly heated. 
This precaution is not always needed, however. He uses a low tension of 
18 volts on the arc. Under these conditions he exposes eight samples of 
glass to the light of the arc. Four of them are not acted upon, and remain 
colorless. The other four take a strong violet color at the end of 12 hours. 
The color can be seen at the end of 15 minutes exposure. Upon analyzing 
the samples of glass it is found that the ones which are colored all contain 
manganese, while in the other specimens it is absent, or nearly so. These 
results seem to explain the phenomenon which was observed by Crookes, 
who observed that pieces of glass exposed to the sun at an altitude of 
12,000 feet at Myni, Bolivia, took a violet color by degrees. At this altitude 
the sun’s light contains a large proportion of ultra-violet rays which act 
upon the manganese salts of the glass and cause the violet coloration. It 
is found that the color quickly disappears when the glass is heated to the 
softening point. Then when it is cooled and again exposed to the mercury 
arc, it takes the violet color, as before. That it is only the rays of short 
wave lengths which produce the color is proved by placing a sheet of mica 
over the glass, and in this case no color is formed. The mica itself is not 
colored in this case.—Scientific American. 
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THE TEACHING OF PHYSICS.* 
By H. N. Cuute, 
High School, Ann Arbor, Mich. 


It is with considerable reluctance that I venture to bring to 
your attention such a well-worn theme, and can find justification 
solely in the fact that after all our theorizing, experimenting 
and discussing there is such a diversity of views and of practice 
in the matter of teaching Physics that the results are far from sat- 
isfactory, and, I believe, afford ample grounds for the charges 
made by our classical brethren that scientific training, as we find 
it today in many of our schools, bears indifferent comparison in 
efficiency to that furnished by the study of the languages. 

In 1885, Prof. Leslie, in an address before the American Asso- 
ciation for the Advancement of Science, said: “The wise teacher 
imitates the method of nature, who has but one answer for all 
questions: ‘Find it out for yourself, and you will then know it 
better than if I were to tell you beforehand.’” And is it not in 
harmony with this injunction that we have been building and 
equipping laboratories, in the vain hope that the boys and girls 
may be all embryo Newtons and Faradays, and need but access 
to apparatus to develop in a year all the great and immortal 
principles that most of the ablest men of the past have seen but 
dimly after a life-time of patient search! 

On the other hand, another distinguished teacher and scientist 
tells us that all this is wrong ; that “the school-boy of today has not 
sufficient mental development to grasp the conceptions of science ; 
that he can not appreciate the evidence on which the fundamental 
laws rest ; that it is not worth while trying to train the eye and the 
hand, that should be left to baseball, fly fishing and the like; that 
to train the mind to think through the medium of physics is an 
evil, and if physics is taught at all in our secondary schools, it 
should be taught merely as abody of information.” Therefore, let 
us away with laboratories, and let us continue to teach physics by 
the recitation method alone, if we teach it at all. 

We have in these two views what I shall not hesitate to char- 
acterize as two extreme positions. It is a middle ground that we 
are searching for, one that we hope will yield a quality of mental 
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training of such merit as to place Science on a par with Latin 
and Greek in this regard, if not greatly in advance, 

To determine upon a method of presenting physics to a class, 
it would seem necessary to have a very clear conception of what 
is to be the purpose of physics in a school course, what is to be 
accomplished by and through it for the pupil. And here I may ask 
your indulgence while I repeat my articles of Faith in this matter, 
a few of the reasons for believing that there lies latent in physics 
as much, if not more, for mental training than perhaps lies in any 
one subject in the school curriculum. 

First, I believe in physics on the ground of its usefulness to the 
individual, in that it helps him to meet that question, the asking 
of which is one of the strongest marks of intelligence in the 
‘questioner,— Why are these things as they are? and in the answer 
of which there is nothing that contributes more to his comfort and 
true happiness, in that it gives him greater power for good and 
greater influence in the affairs of life. It was an ancient king that 
sought out Archimedes to expose a fraud, and the British 
Government that called on Newton to secure accuracy in the coin- 
age of the realm. And in fact rulers everywhere and at all times 
have depended on scientific men to advise them in the best meth- 
ods of promoting the health and prosperity of the nations. 

Second, I believe in physics because of its value in the cul- 
tivation of the imagination, of which faculty, it has been said, 
nearly all great discoveries are either the direct or the remote 
fruits. In the words of the eloquent Tyndall, “without this 
power, our knowledge would be a mere tabulation of coexistences 
and sequences; we should still believe in the succession of day 
and night, of summer and winter, but the soul of force would be 
dislodged from the universe; causal relations would disappear, 
and with them that science which is now binding the parts of 
nature to an organic whole.” 

Third. I believe in physics because of the magnificent train- 
ing it furnishes in the systematic doing of things. Very few 
great discoveries were accidental. It was in fable and not in 
history that, “the boy bent his bow to shoot a crow and killed 
the old cat in the window.” Discoveries in science are like 
finding diamonds in the diabase of the South African mines. 
They are the results of systematic search, and the surprise comes, 

only, in the magnitude of the find, as it did to Cuneus, Faraday, 
and hosts of others. 
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Fourth. I believe in physics for the reason that its study must 
tend to promote sound citizenship, in that it trains to an exact 
and impartial analysis of facts. The man who accustoms him- 
self to analyze and marshal facts, to study out their complex 
relations, and predict the effect of certain combinations, is well 
fitted to enter upon the study of the many social problems at 
present disturbing society and upon the successful solving of 
which its stability depends. The man who solves the problem 
of Capital and Labor will not be the politician as we know him 
today, but it will be one whose mind has been trained along scien- 
tific methods, able to analyze evidence, sift fact from fancy, and 
arrive at sound conclusions. 

Fifth. I believe in physics on the ground that a knowledge 
of the subject would contribute in no small measure to the hap- 
piness of the possessor. Lord Kelvin maintains that, “the habit 
of thinking scientifically, and bringing scientific knowledge to 
bear on the practical work of life, not only contributes to the 
work being well done, but also to the richness and the mental 
wealth of the work.” 

Lastly, I believe in physics for the reason that its study 
makes for culture, that true culture which demands, “acquain- 
tance with the results of intellectual activity in all departments of 
knowledge, so far as they conduce to welfare, to correct living, 
and to rational conduct.” Some educational writers have de- 
clared that physics has no culture value, and they have reached 
this false conclusion from a belief in that narrow view of culture 
as expressed by Matthew Arnold when he said that,“it is found 
solely in an acquaintance with the best that has been known and 
said in the world,” or, in other words, culture is founded solely 
in an acquaintance with the best literature. My contention is that 
whatever improves the mental powers, strengthens the judgment 
and sharpens the faculties to keener discernment, in fact, what- 
ever trains the energies and capacities, directing them to their 
true ends, tends to culture in its highest and best sense and for 
the reason that physics has within it these possibilities, when 
properly pursued, I claim for it the highest consideration. 

And it is in view of these claims, a selected few from the many, 
that there comes before us the question of method of presentation. 
It is within the recollection of many of us when physics was 
taught solely by lecture or by text book, the laboratory being 
unknown. It is only within recent years that systematic labo- 
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ratory work has been instituted and that in a small proportion of 
our schools. Those of us who have been earnestly endeavoring 
to improve our methods have encountered a great many difficul- 
ties. We have been perplexed beyond description with such 
questions as, Shall we have a laboratory for the pupil? If so, 
What? How much? How many exercises per week? Which sys- 
tem, the separate or collective? How shall the class-work be 
managed so as to keep all parts of the work in vital touch with 
one another and make them mutually helpful? These are but a 
few of the questions for consideration. I might also mention 
that of length of class period; length of laboratory period; the 
making of programme; the care of notebook, and so on almost 
indefinitely. 

In teaching physics it would seem that one is confronted with 
difficulties such as are not met with elsewhere. There are ex- 
periments to be prepared and presented, pupils to be quizzed, 
difficulties to be explained, the laboratory to be cared for, and the 
whole work to be managed in such a manner that lecture, quiz 
and laboratory work shall not have the characteristics of inde- 
pendent subjects, but intimately related parts of one subject, 
all working together toward a complete and clear understanding 
of it. 

Whatever the plan, it should provide for considerable varia- 
tion at times; elastic methods are preferable to rigid ones. One 
day the lecture method may seem to be the only feasible one; 
the subject under consideration gives the opportunity for the in- 
troduction of many interesting and instructive experiments. 
These would command the pupil’s attention and rivet his interest. 
You will ever find him very desirous of seeing them; no matter 
how simple nor how many times he has seen them before, he 
wishes to see them again. To break in here with a recitation, 
when the table is groaning with apparatus, is to dull the pupil’s 
interest and to dampen his ardor. This is the time and the op- 
portunity for the descriptive lecture, if you wish to dignify a 
familiar talk by such a high-sounding name; it will consist of 
experiments described and explained with special reference to 
the exemplification of laws and principles. Some experiments 
may have an interesting history, or a piece of apparatus that you 
are using may be due to the skill of some pupil previously con- 
nected with the school. It helps ihe interest to keep such facts 
to the front, and success rests very largely on sustained atten- 
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tion. If there is any special trick or knack in making an experi- 
ment successful, bring that to the surface. The aim being to 
make every point as clear, every incident as vivid, and the whole 
presentation as interesting as possible, to the end that it may fix 
itself in the memory. 

On another day the lesson may be one of definitions, of laws, 
or of problem solving. This would seem to be the opportunity 
for quizzing students on these general principles, either in con- 
junction with or separated from the problems. At such times, 
too, the teacher of physics can throw his influence strongly with 
the English Department of the school by carefully analyzing 
the answers given and pointing out their defects from the stancl- 
point of accurate expression, as well as from that of physics. 
Definitions in physics, like those in mathematics, are very sen- 
sitive to changes in phraseology. Ask the average pupil to de- 
fine an atom, and he will most likely tell you that it is a particle 
of matter so small that it cannot be divided. We are assured to- 
day by Thomson and others that the statement as made is in- 
correct, and those familiar with the work of Nerman G. Lockyer 
have suspected it for many years. A careful reading of the 
text book, possibly, may disclose the fact that the statement made 
was that an atom is that which is not divided during a chemi- 
cal change, and that the question of possible divisibility was not 
touched upon. Most people read carelessly, and observe still 
more so. They rarely weigh words, never study them from the 
etymological side, and as a consequence frequently fail to arrive 
at the full and accurate meaning of a sentence. After a pre- 
tended study of the definition of a complete vibration, the pupil 
will probably tell you that it is the motion comprised between 
two passages of the pendulum through a point; he will describe a 
siphon as an instrument for conveying liquids from one vessel 
to another; he will state that the boiling point is whére the mer- 
cury stands when placed in boiling water; the Law of Charles 
to him is that the volume of a gas is proportional to the temper- 
ature ; and the dyne he will declare to be the moving of a gramme 
through one centimetre in a second. 

Accurate definitions are very important, seeing that they con- 
stitute the foundation of the work, and if weak or defective, the 
whole structure is affected. In my opinion, pupils should be re- 
quired to memorize definitions and laws verbatim; home-made 
definitions should be discouraged. Beginners are not capable 
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of doing this kind of work. The vocabulary of physics is as 
new to the pupil as that of a foreign language, and the correct 
use of this vocabulary is most easily secured by the memorizing 
of carefully selected examples. No tinkering should be permitted 
with the statements of the great underlying principles, the crys- 
tallization of the best thought of the centuries, until the tinker has 
acquired some of the skill and knowledge of a master. 

Furthermore, these familiar and informal quizzes afford fine 
opportunities to wake up a class in another direction. As al- 
ready intimated, the technical terms of physics can be very help- 
fully studied from their etymological side. Approached in this 
way the word “atom” would not have gone astray, as from its 
derivation it simply means “uncut,” and there is no “cannot be 
cut” about it. The word “aberration,” rarely understood and 
invariably mispelled, would have escaped both disasters by this 
treatment, and the pupil would see that the word implies merely 
“a wandering from or a deviation from the expected way or 
path.” Conduction, convection, and radiation could hope to 
escape confusion; and cathode would be known from anode. 
The pupil should be made to acquire the dictionary habit. The 
class-room should have as one of its most important and most 
used pieces of apparatus, an Unabridged Dictionary. Pupils 
should be made to feel that not to know words vetoes all claims 
to scholarship, and to spell them incorrectly is not a thing to 
laugh at but is the certain mark of the uneducated. 

In the problem work, the instructor has an excellent oppor- 
tunity to teach his pupils some practical mathematics, for it is 
very doubtful if he knows very much of that subject in a useful, 
practical way. Just watch him count his fingers in making addi- 
tions, blunder shamefully in multiplication, never able to tell for 
himself whether the product is right or wrong, or locate an error, 
divide by two and even by ten by long division, look up the an- 
swer to locate the decimal point, unable to state a proportion, 
probably never having been taught that useful rule having been 
told by his instructor that it was an obsolete method, ignorant of 
cancellation or never able to recognize when it would be of ad- 
vantage to resort to it, always carrying out results to an absurd 
number of decimal places in view of the quality of the data, and 
ever needing a printed answer to give him any confidence in his 


work, 
Mathematics, as you all know, has a bad reputation in the 
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schools of today. It is probably no exaggeration to say that 
forty per cent of the pupils fail in arithmetic, and proportionately 
as many in algebra and geometry. The invariable explanation is 
that “Johnny has no instinct for mathematics, his mother never 
could learn arithmetic,” and so poor Johnny is a dunce by inheri- 
tance. On account of the close alliance between mathematics and 
physics, the latter is treated by school patrons to a great deal of 
undeserved and harsh criticism and by students to an unmer- 
ited dislike. 

Of late years about every convention of Physics Teachers wit- 
nesses an arraignment of our mathematical brethren for the 
present condition of things. All kinds of schemes have been 
proposed, but no improvement comes, because the seat of the 
difficulty is not reached. I do not expect that you will agree 
with me in my diagnosis of the case, but my experience and ob- 
servation have convinced me that the trouble is to be found in 
the grades below the High School quite as much as in the High 
School. These departments are loaded down with fads and 
killed by poor teaching, teaching of necessity poor because of the 
lack of genuine mathematical knowledge on the part of the teacher. 
It is an old and trite saying that water can not rise higher than 
its source. How can you expect any results worthy of the name 
from one who must have a key to the arithmetic or who has to 
study out the arithmetical problems each night for the next day’s 
work, or who can assign for a lesson only such as they were able 
to solve, or who never knows whether this, that or the other thing 
is right without looking at the answer? Then, too, there is a 
wide-spread sentiment abroad in the land, born undoubtedly of 
kindergarten parents, that the poor dears must be amused, must 
be coddled ; all knowledge, like pills, must be sugar-coated, so that 
they will cry after it. If Johnny or Susan do not get along with- 
out study, parents lay the blame on the teacher, and often on the 
superintendent. Our schools need to-day arithmetics wherein 
every wrinkle of difficulty has not been ironed out, teachers who 
are masters of the underlying principles of mathematics, parents 
who believe in sixteen ounces to the pound, and that boys and 
girls of ten or fifteen or even more cannot shine in school and 
society simultaneously. 


(To be continued.) 
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LANTERN SLIDES. 
By Frep L. Hovrz, 
State Normal School, Mankato, Minn. 


Lantern slides are now considered as necessary educational ma- 
terial as maps and natural history specimens. They serve the 
same purpose as the illustrations in our text books, but being 
larger and brighter than these they are of greater interest to 
students and can be better studied and interpreted. A series of 
lantern slides on particular topics such as erosion, mountain 
structure, seed dispersal, development of the algae, insects, birds, 
historic scenes, etc. are excellent for summaries and general re- 
views, and they give more pleasure than the ordinary reviews. 

Every teacher in geography, history, geology, botany, zoology, 
and the physical sciences ought to own a hand camera to take 
local views to illustrate his subject or to bring back pictures 
from his travels. The school should supply him with the plates, 
chemicals and other accessories for such work. 

I prize above all others the lantern slides made from original 
photographs, and students also appreciate these more because 
of the personal element and local flavor. 

Personally I like a 4x5 plate camera the best for general out- 
door work. With a Kodak roll of films or a Premo film pack 
attachment such a camera is a useful accessory in one’s travels 
and rambles about home. But a 314x414 hand camera has per- 
haps an advantage over the larger sizes for lantern slide work, 
because its pictures may be readily reproduced by the contact 
method without any reduction, or cutting out. The contact 
method. of making lantern slides is very similar to that of making 
ordinary prints. The negative is placed in the printing frame 
with the film side up. It should be previously well cleaned on 
the other side, and dusted with a soft camel’s hair brush. The 
lantern slide plate is then brushed and placed film side down on 
the negative. The film side can be readily distinguished. It does 
not reflect the light as well as the other side. On looking at the 
edge of the plate light will be seen refracted through to the glass 
side from the end, but not on the film side. By slightly moisten- 
ing the finger and pressing on a corner of the plate the film side 
is distinguished by its stickiness. © 

The exposure is made as with prints, but the lantern slide plate 
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is very sensitive as compared with ordinary sensitized papers, and 
the exposure should be carefully tested for the brand of plates 
used. I use Seed lantern slide plates and expose from one-half . 
to two seconds at a distance of three feet from a 16—c. p. electric 
lamp. Other artificial lights and of course daylight may be em- 
ployed. Daylight, however, is more variable than artificial. 
Test for exposure by holding an opaque paper over about three- 
fourths of the plate and expose for, say, half a second. Then 
draw the paper back so as to expose one-half the plate and again 
expose half a second, and so on for the rest of the plate. In this 
way the four parts of the plate have been given varying ex- 
posures of from two to one-half seconds. On developing the 
plate it can then be seen which exposure gave the best results. 
In this way the plates are not wasted so much. It must be re- 
membered that the denser negatives require a longer exposure 
than the thinner. In exposing different plates use the same 
distance from the light as the intensity of this varies inversely as 
the square of the distance. In timing exposures a metronome is 
convenient. I sometimes use a seconds pendulum made of a 
cord and a bright bob. 

If 4x5 plates or larger are to be used for contact printing, a 
part of the plate must necessarily be sacrificed and cut out, the 
lantern slide plate being placed simply over the part most desired. 
The standard lantern slide size is two and three-fourths inches 
square, the rest being covered by the mat. 

The reduction method is necessary where we desire to retain 
all that is ina 4x5 (and even in the 314x4% ) plate and the larger 
sizes. This consists essentially of taking a photograph with the 
camera of the desired negative and reducing it to the necessary 
size. This method gives better results generally than the contact 
method. 

A simple method for reducing is to place the negative to be 
copied in a vertical frame or kit against a white background or 
better against a north sky, with the film side toward the camera. 
The negative is then copied upon a lantern slide plate in the 
camera. Care should however be taken to exclude all stray light 
and reflections on the lens in order to prevent the fogging of the 
plate. This can be done by laying sticks across the top of the 
negative frame and the camera and covering the whole with a 
dark cloth. A better way is to make a box with a kit at one end 
capable of being reversed and of holding plates of various sizes, 
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Fig. I. The hand camera is placed in a guide at the other end 
of the box and should be centered on the negative holder. There 
should be a long door on the focusing side of the camera, and 
the box should be painted a flat black inside. By sliding the 
camera along the guide different reductions can be made. The 
box should be about four feet long. It should be turned up to 
a north sky. 


Fig.1 


Great care should be exercised in getting a perfect focus. The 
exposure should be tested in a manner similar as for the contact 
method. It should be varied for density of negative and for 
variations in the intensity of the light. 

Many lantern slides may be made from line drawings, wood- 
cuts, half-tones and colored prints in books and magazines. 
Though most of these are copyrighted there is probably no ob- 
jection to their being copied without express permission for lan- | 
tern slides to be used in class room instruction, especially if due | 
credit be given. If such slides are to be copied for commercial 
i purposes, however, permission should first be obtained. 

i Copying pictures presents no serious difficulty providing a few 
i simple rules are followed. The ordinary outdoor plates are not | 
iy suitable for such work. They give very disappointing results 
i when tried on line drawings and half-tones. I use Seed’s process 
plates for such work which are especially excellent for fine line 
| work, And it is surprising what brilliant negatives may ke made 
with such plates from very dull and flat half-tones. It is well 
to consider however that the half lights are lost more or less with 
| process plates. Very slow outdoor plates probably give better 
gradations of light. Again the ordinary plates and the process f 
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plates also give disappointing results with pictures in colors. The 
proper light values cannot be brought out by means of these 
plates. Orthochromatic and other color sensitive plates should 
be used for such work. These are also necessary for the best 
results with the direct photography of flowers, insects, etc. 

The simplest and crudest way to copy is to use the hand 
camera on the tripod, the picture or book being placed before it. 
This however is very troublesome as it requires much shifting 
about with the camera in order to secure size and alignment. It 
is somewhat better to set the tripod upon a triangular base with 
castors. Then the legs of the tripod need not be disturbed and 
the whole thing can be more easily moved. 

It is best, however, to make some kind of a copying frame or 
stand. The camera should be placed upon a special base capable 
of back and forward motion along a board at the other end of 
which is placed an easel on which the book or picture can be 
placed, Fig. II. The axis of the camera and the plane of the 


Fig.2 


picture should be at right angles to prevent the distortion of the 
image. If the camera base is so made as to give also vertical, 
lateral and swing adjustment so much the better. The rising 
and falling and sliding front of the camera itself is useful for 
such alignment, and so is the reversible and swing back if these 
conveniences are provided in the camera. In the last October num- 
ber of ScHoot ScieNcE AND Matuematics I have described a 
very simple and convenient form of copying stand. Some sort of 
a copying stand is almost absolutely necessary for anyone who in- 
tends to make lantern slide work a regular practice. For all- 
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around usefulness in indoor photographic work a regular copyist’s 
camera for enlarging, reducing and copying is a profitable in- 
vestment, at least for the larger schools. The Climax camera is 


. such an apparatus. I have one with a Benster plate holder for 


plates of different sizes, the largest, 8x10. I had a lantern slide 
attachment put on with reversible back, with lateral, vertical and 
swing adjustment. This camera together with a strong adjust- 
able stand and easel makes lantern slide work a pleasure indeed. 

A good side light is necessary for copying, that from a north 
sky being most satisfactory as it is less changeable. Be careful 
that no shadows of window sash and also no sunbeams fall upon 
the picture to be copied. Keep all reflections off the lens. 

It is well for uniformity to make the lantern slide pictures all 
of standard size. There are, however, exceptions. Small objects 
such as details of plants, insects, and also portraits look better on 
the screen if not made too large, and need not be made standard 
size. 

To reduce a picture increase the distance between the picture 
and the camera and shorten the bellows. To enlarge, do the re- 
verse. Most hand cameras are not made with bellows long 
enough for enlarging. In selecting a camera with the intention 
of doing lantern slide work with it, choose one with extra long 
bellows as this enables one to copy small pictures better. A 
short bellows may be lengthened by putting a light tight extension 
on the lens front and inserting the lens in the front end. In en- 
larging remember that as the light rays are diffused more the 
exposure must be lengthened. 

Great care should be taken in focusing. It is best to focus 
on some line or printed words that may be on it, than upon the 
picture in general. In focusing use the largest aperture, but in 
exposing reduce aperture to small size. I generally use No. 32. 
A small aperture gives better definition, but requires longer ex- 
posure. It is best to use one particular size of aperture for all 
copying and thus become accustomed to the necessary variations 
in exposure for that stop. 

. Lantern slide plates are developed in the same manner as ordi- 
nary plates, only the developer is stronger and the image comes up 
rapidly. Experience soon teaches how far the development 
should be carried. The slide should not be too dense and the 
high lights should be clear and white. Hold the slide up fre- 
quently and when the definiteness and contrast are sufficient put 
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the slide in the hypo. A white plate or developing tray is very 
useful in judging when the development is sufficient. It is well 
to try a few slides of different intensities on the screen to see 
which is the most satisfactory. Over-developed slides may be 
easily reduced by the usual methods. Use the developer recom- 
mended by the makers of the plate used, 

Many lantern slides can be made more beautiful and their value 
as illustrations improved by coloring them. Colored slides of 
landscapes, birds, mammals, insects, plants and diagrams colored 
for contrast are more desirable and effective than the black and 
white. This coloring is not difficult. Use transparent water colors 
sold by dealers for this purpose. To avoid the formation of water 
lines first moisten the plate slightly with a wet brush and let the 
water soak in a little before applying the colors. Though a 
slide may at close sight seem too crude and gorgeous, it may 
nevertheless be very presentable on the screen. 

The slide is now ready for the binding. Get some black 

“needle” paper, sometimes also used for the backs of pictures, and 
have it cut into lantern slide size for mats. The mat is the 
frame for the lantern slide picture. An opening to fit the desired 
part of the slide should be cut neatly and smoothly with a sharp 
knife or trimmer wheel. Lay the mat on a piece of glass or, better, 
a sheet of zinc while cutting. The cut edges should not be ragged, 
and they should be parallel with the edges of the plate. A great 
deal of the beauty of a fine slide is lost by a mat cut in a poor and 
slovenly manner. Place the mat on the film side of the lantern 
slide plate. Put on a thoroughly cleaned crystal cover glass and 
bind the two plates together with lantern slide binding strips. 
For this I know of no neater apparatus than the Ideal lantern 
slide vise. Draw the strip through a dish of water to wet both 
sides. When it is flexible apply it to the edge of the plates and 
cause it to overlap evenly on both sides. Press down well on 
the edge and sides, and especially at the corners. 

Finally the slides should be properly labeled. Printed labels may 
be gummed on one end with the name of the subject, maker, 
school and date. They should be so put on as to at the same time 
serve as a thumbmark for the ready insertion into the lantern. 
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THE STUDY OF PHYSICS. 


By Dr. E. L. Nicnots, 
Cornell University. 


At the afternoon session of the forty-third meeting of the East- 
ern Association of Physics Teachers, held at Massachusetts In- 
stitute of Technology, Dr. Edward L. Nichols, Professor of 
Physics in Cornell University, said in part: 

“When we compare the past and present of physics teaching 
in our American schools we note on every hand improvement and 
a gratifying spirit of progress. A generation ago few schools 
possessed a physics laboratory or any apparatus other than the 
air pump and frictional machine. At the present day few schools 
are without some provision for laboratory work in physics, and 
our most progressive schools have far outstripped in this respect 
our more backward colleges. 

“A good symptom of progress is the increased time allotted 
to physics in the time schedules of the schools and the rapidly 
growing appreciation of the importance of this science in second- 
ary education. 

“There are symptoms of danger as well as symptoms of im- 
provement. One of these is the oversystematizing which char- 
acterizes our present-day method. The tendency nearly every- 
where is to reduce teaching to a routine and thus to deprive both 
teacher and pupil of the chance to do and to think for them- 
selves. A committee is appointed to draw up a syllabus and to 
outline the physics teaching for a whole State or for the entire 
country. Every school equips itself to follow this programme 
and every physics teacher goes through the prescribed course in 
the prescribed manner, with section after section, day after day, 
and year after year; physics to him, instead of being the world- 
wide glorious science that it really is, is comprised within the 
scanty pages of the syllabus. 

“As our classes grow in size, system becomes more and more 
imperative, and ultimately a necessity; but it has its evils, and 
another of these is the standardization of apparatus for schools. 
Makers are encouraged to provide complete outfits for perform- 
ing the list of experiments contained in the syllabus, but it were 
far better for the physics teacher and indirectly for his pupils if 
he were compelled to plan his own equipment and were at liberty 
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to teach the subject by methods which he has made his own and 
with apparatus of his own devising. One of the most unfortu- 
nate, and to my mind most disheartening, features of the situation 
is due to the prevalence of what may be called the normal school 
idea ; that the subject matter of a science like physics may be cov- 
ered in a few months, but that the method of teaching is the all- 
important thing and that to this years should be given. 

“Doubtless we all believe that our teaching can be further im- 
proved and it may be said in a general way that the thing most 
needed is a proper recognition of the fact that physics is the 
fundamental science and that as such it deserves a central place 
in our educational system. This point recognized, it will be ad- 
mitted that more time is needed for its study in the schools, that 
more teachers are needed in proportion to the number of pupils and 
that better teachers are needed. In the matter of time we are 
making progress, but we are still far behind the highest standards 
in this respect. A student recently applied to me for credit. He 
was a graduate of the high school in Leyden and had studied 
physics four years, five hours a week, devoting one year to each 
of the important branches of the subject. The Dutch are evi- 
dently alive to the importance of our subject. As regards the 
necessity of more teachers or smaller classes, I need say nothing 
to an assemblage of teachers. 

“In these matters of more time for the subject and more teach- 
ers we must do what we can to bring influence to bear on others. 
The third point, that of better teachers, lies more directly in our 
own hands. We should all be better teachers if we could increase 
the breadth and depth of our training. The best physics teacher 
is one to whom physics is a live subject and in order that it may 
be a live subject the teacher should be a man of science—a physi- 
cist. When we say man of science, we mean an investigator and 
many may ask whether the physics teacher can be expected to 
be an investigator. In spite of the prevailing opinion to the con- 
trary, I say, yes. Joseph Henry was a school teacher and the 
wires which he strung around the chapel of the old Albany 
Academy still hang there. I was glad to see them and to know 
that they were still held sacred, for I think truly that they are 
the most precious heritage of that institution. He afterwards 
went to Princeton and to the Smithsonian, but none of his work 
is greater than that which he did while teaching school. 

It is, I believe, the common opinion that investigation is more 
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difficult than teaching. I hold the contrary view, for I have 
known dozens of men who were capable of doing good research 
work, but who were not fit to teach and who could never under 
any circumstances become really good teachers. On the other 
hand, I do not know of a single instance of a first rate teacher 
of physics who would not, had he had the proper training, and 
had his attention been directed to research as an important fac- 
tor in his education, have been capable of doing original work. 

To be an investigator at all one must have followed at least 
one line to the boundary which separates the known from the un- 
known, and must interest himself not for a day but daily year in 
and year out in finding trails leading outward into the wilder- 
ness. To pick out such a trail and blaze it a little way for the 
benefit of those who shall come after is to my mind what makes 
physics a live subject and the most fascinating pursuit in which 
a man can engage. 

Let me repeat in conclusion that he who is fit to teach physics 
is capable of research and that he should develop his latent ca- 
pacity, if only for the sake of his teaching. I say nothing here 
of investigation for its own sake—save this: 

He who chooses teaching for his calling, chooses poverty: 
he who devotes his life to research likewise chooses pov- 
erty; but he who mingles research with his teaching will be none 
the poorer and he will reap a double reward. 

Boston Evening Transcript. 


It is a well known fact that considerable danger is incurred in approach- 
ing too close to working Réntgen bulbs, when besides serious lesions of the 
skin, an atrophying action is observed on certain glands. In a memoir re- 
cently presented to the French Academy of Sciences, Mr. J. Bergonié sug- 
gests a rather effective method of protection against these undesirable ef- 
fects, this method having been used to advantage for six months at the 
hospitals of Bordeaux University. In principle it consists in placing the 
whole of the surroundings of the patient above the horizontal plane, con- 
tinuing the anti-cathode, and only the patient below this plane. The space 
is thus separated into two parts, one of which, viz., the upper part, is so en- 
tirely protected against any action of X-rays, that sensitive radiogrophic 
plates can be handled there close to the bulb without risking the production 
of any veil on them. It may be mentioned that such methods as have so 
far been suggested have been found insufficient, the electrical field in the 
neighborhood of the bulb being altered by the arrangement of diaphragms, 
while the most serious drawback of protective screens is their interfering 
with the freedom of manipulation of the operator. 
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SOME DIRECTIONS FOR ELEMENTARY LABORATORY WORK 
IN PHYSIOLOGY AND HYGIENE. 


By Louis MursBacu. 


[CONTINUED FROM THE MARCH NUMBER.} 


THE SKIN AND ITS FUNCTIONS. 

A Excretory. To learn if the skin gives out anything when 
we are “not perspiring.” 

EXPERIMENT I. The hand is held in a clean, dry, wide- 
mouthed glass jar about one minute, or the finger may be held 
in a dry, clean glass tube while slowly counting 1oo. If uncer- 
tain as to the result wipe the glass dry and try again. What 
has settled on the sides of the glass? What must be its source? 
Examine the skin on the under surface of the finger with a mag- 
nifier and you can see the openings of the sweat glands; also to 
some extent, on the back of the finger if it is held in the light 
so that its surface looks shiny when the openings of the glands 
will appear as darker pits. Whenever we are very warm we 
see the skin giving off moisture. From this observation and the 
result of the experiment what more general statement can you 
make? Is moisture given off only when we see it? 

B. Heat REGULATION. EXPERIMENT 2. To learn how the 
evaporation of moisture affects the skin: the temperature of the 
air in the room is noted on a chemical (or ordinary) thermometer. 
The thermometer is then held in some water until the temper- 
ature goes no lower (remains constant). Now raise the thermo- 
meter out of the water and hold it in the air, noting very care- 
fully whether the temperature rises or falls. Success depends 
on carefully noticing the movement of the free end of the mer- 
cury column. Does this result indicate whether evaporating mois- 
ture warms or cools the bulb? Apply the facts learned here to 
the heat regulation of the skin, by moisture. 

Notre :—The effect of evaporating moisture on the skin may 
be shown without a thermometer. The wet hand is held over 
a flame or other source of heat. How does it feel? Hold the dry 
hand in the same place for comparison. What is your exper- 
ience ? 

EXxperIMENT 3. To learn in what ways the skin gives off 
heat other than by evaporating moisture from its surface: a) 
The degree at which the thermometer indicates the air of the room 
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is noted and the bulb of the thermometer is then held in the hand 
until the mercury has risen as high as it will, counting 100. The 
degree is now again read. What has the skin had to do with this 
phenomenon? This illustrates conduction of heat. b) The hand 
is held so as to form a little cup, the thumb and forefinger form- 
ing the edge. Into the hollow thus formed the bulb of the ther- 
mometer is held in such a way that it nowhere touches the hand 
(% em. distant). How many degrees does the temperature 
change? Cause? What you have now learned illustrates radia- 
tion of heat. 

At the end of these notes the student may make a carbon im- 
pression of one or more of his finger tips, showing the ridges on 
which he saw the sweat pores with the magnifier. Are the mark- 
ings on the different fingers all alike or even similar? The im- 
prints of the forefingers of all the class may be compared. 

C. Sensory. ExpertMeNT 4. This may be considered under 
touch and temperature sensations. a) The delicacy of the sense 
of touch is determined by the distance apart of the points of divi- 
ders (calipers), closed until the two points just begin to feel as 
one. This distance is measured in millimeters; then the points 
separated slightly are applied to the same locality so as to be sure 
the first judgment was right. It is important to touch lightly 
otherwise pain sensations will interfere with touch. 

Beginning on the forehead the points are separated until two 
are plainly felt, then the two points are brought together until 
both give the feeling of one. The distance apart is now measured 
in mm, and recorded. In this way the tip of the nose, lips, cheeks, 
back of hand, and finger tips are measured and recorded. As a 
conclusion state I, region most sensitive; 2, region least sensi- 
tive (of those measured) ; 3, how you can account for the differ- 
ence in sensitiveness. 

b) To determine another sensation besides touch: Different 
parts of the forehead (or other exposed parts) are touched with 
a blunt or cool point (pencil or nail) holding it lightly on each 
place until the sensation is distinctly felt. Can you find spots 
feeling different from others? Cross these several times to deter- 
mine how large they are. Go back to such a spot and let the 
blunt point rest gently on it for some time. Now the student 
should be able to tell what, besides touch, he feels. As a conclu- 
sion tell what has been learned. 

EXPERIMENT 5. To determine whether our sense of temper- 
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ature is thermometer-like, to actually tell cold and heat or de- 
pendent on the cold or warm condition of the skin: One of the 
fingers is held in very warm water for some time. It is then 
dipped into water that is only luke-warm. How does the luke- 
warm water feel? Next another finger is held in very cold water 
for some time and is then dipped into luke-warm water. How 
does the luke-warm water now feel? Write the conclusion in 
your own words. 


HOW MUCH CHEMICAL THEORY SHALL BE TAUGHT IN THE 
HIGH SCHOOL AND HOW SHALL IT BE PRESENTED? 
A PAPER AND AN OUTLINE.* 


_ By Mito S. Baker, 
Lowell High School, San Francisco. 


Our high schools should prepare for life rather than for the 
university. The large number of our high school students who 
do not attend university courses, compels this decision. True, 
there are in some schools a large majority of students who aim for 
the university. This is the case at the Lowell High School in 
San Francisco. But such instances are exceptions, and what I 
have to say regarding the chemistry course in the high school, is 
intended for the average high school that is striving to do the 
most for the growth of all the pupils—for those who continue 
their studies in the university and for those who do not. 

In chemistry some would have us lay aside the consideration 
of theory and confine the attention to chemical facts, especially 
to facts in commercial chemistry, such as soap making, the manu- 
facture of glass, chemistry of cooking, etc. 

We believe most strongly that a chemistry course that fails 
to deal with chemical processes occurring in the vicinity, whether 
artificial or natural, loses a distinct opportunity to add to the in- 
terest as well as the knowledge of the pupil. But these visits to 
commercial establishments, valuable as they are, should be only 
incidents in the chemistry course. Few teachers at the present 
time would advocate commercial chemistry as the predominating 
idea of the course, though by the emphasis some put upon it, 
they must regard it as a very valuable part. 


*Paper read before the Pacific Coast Association of Chemistry and Physics Teachers at 
its winter meeting, December 26, 1905. 
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As to the proper place for applications of industrial chemistry 
in the high school course, I most heartily concur with the ideas 
presented by Dr. Morgan at last summer’s conference and pub- 
lished in “Science Notes.” 

However, I presume most of the anti-theory teachers would ad- 
vocate a combination of descriptive and industrial chemistry with 
the minimum of theory. Just what is the minimum is not known 
to the writer, but some teachers advocate omitting Avogadro's 
Law, and all of the other essentials of the molecular and atomic 
theory. 

Casting educational theories aside for the moment, do we not 
stand in honor bound to give our boys and girls the most there 
is in our subject—the most interesting, the most stimulating 
things we know? In the last two hundred years of chemistry, 
we have the investigations and ripest judgments of such search- 
ers after truth as Cavendish, Dalton, Avogadro, Davy, Gay-Lus- 
sac, and Faraday, epitomized in the so-called “atomic theory.” 
This is the life and spirit of chemistry ; without it you have only 
an aggregation of unconnected facts, the husks of chemistry. In 
all sincerity, put yourself in the pupil's place—not in the place 
of the drone, nor yet in the place of him who works merely to get 
through with school life in the quickest way he can, but imagine 
yourself in the place of the pupil longing to know all that is 
known about the subject, eager to seize upon every idea that has 
been advanced, and make it his own, would you (in his place) be 
satisfied with the dry bones of descriptive chemistry? Is it right 
to deprive these pupils, even though they be possibly a minority, 
of the heritage of knowledge that is surely theirs? Remember 
that it is this same thinking minority that save us from being 
mere time servers, and give us heart to labor in a profession that 
would otherwise be disheartening, 

I hope the day is far distant when we shall omit from our 
courses those parts that call for the continued concentration of 
the pupil’s best efforts. Though possibly our mental fiber may 
not be improved by thinking, it is certain that the habits of atten- 
tion and concentration, of mental orderliness, of distinguishing 
between “fact and fancy,” of drawing legitimate conclusions 
from known facts, can be inculcated and fixed by our school work. 
After all, is it not possible that the “wit sharpening” of our peda- 
gogical ancestors was due to the inculcation of valuable mental 


habits ? 
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I know of nothing in science better calculated to cultivate con- 
centrated effort than the molecular and atomic theory when pre- 
sented in a rational way. It has difficulties and therein lies its 
value, but the problems involved stimulate the mind to renewed 
effort—they appeal to the imagination. Likewise geometry is 
valuable mental work; in geometry, you must visualize in space 
lines and angles ; in chemistry, one must see correctly bits of mat- 
ter endowed with certain motions and proclivities towards other 
particles of matter. In both cases, success is possible only by 
surrendering the entire attention to the problem. 

Possibly the dissatisfaction of some teachers with chemical 
theory is due to the method of presentation. In my opinion, there 
is nothing more uninteresting or unprofitable that an attempt to 
teach the atomic and molecular theory before the pupil sees any 
need of a theory. It is a law of common sense, that the facts 
must be known before theory which seeks to explain those facts, 
is attempted. And yet classes are often introduced to the mole- 
cule and atom at the very threshold of their course. No greater 
mistake can be made. It took the human race till the year 1804 
to evolve the idea of the molecule and atom. What called forth 
the idea? Certain laws that had been found to govern the com- 
bination of elements—the laws of indestructibility of matter, of 
definite proportions of multiple proportions. 

The rational method of presenting the theory of chemistry is 
the historical method. Let us select experiments which illustrate 
these laws, perform them, and by suitable questions lead the 
pupil to evolve the law from the experiment. Some teachers 
prefer to state the law and then have the pupil do the experiment 
to illustrate the statement already given.’ But this robs the pupil 
of all expectancy and effort, and therefore kills much of the in- 
terest and all of the educational value. 

In my own chemistry clases, I have been accustomed to omit 
all consideration of atoms and molecules till the second term. 
There is an abundance of things, the consideration of which will 
be more profitable before than after the theory oi chemistry has 
been presented. Chemistry differs from our other sciences in 
that nearly all of the facts as well as the theory are unknown to 
the beginner, You have all observed how a slight acquiintance 
with a subject enables one to assimilate further knowledge of 
that subject. In biology, in physical geography, and in physics, 
the pupil is dealing with many things that he has first-hand knowl- 
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edge of. This lends interest as well as power. In presenting 
chemistry, we must needs supply first of all a speaking acquain- 
tance with the more fundamental facts. It is well not to hurry, 
for in an entirely new field the mind works very slowly at first, 
but if not swamped at the outset with new ideas, the power to 
assimilate will rapidly increase. It is a matter of apperception, 
and every new idea makes the acquisition of other knowledge 
easier. 

There is no better established educational principle than “‘pro- 
ceeding from the known to the unknown.” The pupil’s science 
should begin with his environment. In chemistry, some substance 
should be selected for experiment that is not only familiar but 
will prove profitable as an introduction to the fundamental ideas 
we wish to present. There seems to me to be no doubt at all as 
to what is the most profitable of the substances familiar to every- 
body. Water is probably the most important single compound 
known to chemistry. What other substance so well lends itself 
to illustrating the meaning of elements and chemical compound? 
And what interest there is in seeing water silently change into 
two invisible gases through the mysterious working of the elec- 
tric current! I always look forward with the greatest pleasure 
to performing this experiment before a beginning class. 

Indeed most of the fundamental chemical ideas can be illus- 
trated with water. We can prove that water contains nothing 
but oxygen and hydrogen by producing water from oxygen and 
hydrogen. We can show that oxygen will unite with twice its 
volume of hydrogen, and with no more and no less. Hence the 
law of definite proportions. 

We can show that heat is evolved when water is formed, that 
the properties of a compound are very different from the proper- 
ties of the elements composing it. We can introduce the idea 
of “combining weights,” by determining the weights of a liter 
of oxygen and hydrogen respectively, and showing that oxygen 
and hydrogen combine to form water in the ration of 8 to 1 
by weight. 

The preceding experiments are of necessity teacher’s experi- 
ments, and are therefore open to the usual objections. However, 
there is no help for it (and in practice, I have not found the ob- 
jections to hold), for pupils have not the skill for such experi- 
ments, and it is very necessary in my judgment, for a few funda- 
mental ideas to be introduced at the outset, Of course it would 
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not be best to exclude the pupil entirely from individual experi- 
menting. Half of the laboratory periods may be used in class 
demonstrations and half by the pupils. 

At this point, I wish to call attention to a topical outline of 
experiments and theory accompanying this paper. I have in- 
cluded in this outline only such experiments as are necessary for 
the understanding of the theory of the second term. The “Irre- 
ducible Minimum to precede the Atomic Theory” refers to the 
ideas enumerated as I, II, III, etc., and not to the experiments 
indicated, which should, of course, be supplanted by others if 
such are found to be better. 

To return to my argument, as soon as it has been shown that 
oxygen and hydrogen combine in the ratio of 8 to 1 by weight 
to form water, the equation should be given and problems as- 
signed till this matter is understood and fixed. 
H,+O=H, 0. This equation means that two parts by weight of 
hydrogen unite with sixteen parts by weight of oxygen to form 
18 parts by weight of water. This is quite independent of theory ; 
it emphasizes and fixes the laws of definite proportions and inde- 
structibility, and serves as a basis for the atomic and molecular 
considerations later on. (Of course, the law of indestructibility 
should have been presented previously, as suggested in the out- 
line. 

Set using water as the principal substance, we can show that 
the hydrogen in water consists of two parts, and that they exer- 
cise a different chemical behavior toward sodium. This, as ev- 
ery one knows, brings in another very interesting experiment, 
and part of this, at least, the pupil can do for himself. Several 
pieces of sodium are added to water, and the gas is collected and 
found to be hydrogen. Evaporating the water, a white residue 
is found. Pupils may now be led to predict that this residue 
must contain sodium and oxygen. At this point, the teacher may 
take the residue, and adding more sodium, heat them in an igni- 
tion tube and show that hydrogen is evolved. I do not know that 
this hydrogen* can be shown experimentally to be equal to the 
hydrogen liberated at the beginning, and it may be necessary for 
the pupil to take this fact on the authority of the teacher. 

Half of the hydrogen is therefore easily replaceable by sodium, 
while the other half can be replaced only when intensely heated. 


*As to the question whether the hydrogen liberated by heating fused sodium hydroxide with sodium 


does not come from water which the sodium still retains, rather than from the sodium hydroxide itself, 
1 wish to state that I have made no investigation myself, but took the idea and experiment from “Ele- 
mentary Chemistry,” by Paul C. Freer, pp. 229 and 230. 
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The case is clear then that the hydrogen of water is divisible into 
two parts by chemical means, and that the oxygen weighs 10 
times as much as one of the parts of hydrogen with which it is 
united. Pupils may now be told (I think this can be shown ex- 
perimentally) that the sodium weighs 23 times as much as the 
hydrogen it liberates. Its “equivalent weight” is therefore 23. 
The equation may now be introduced to symbolize these facts: 
H,O0+Na=NaOH-+H. This means that 18 parts by weight of 
water unite 23 parts by weight of sodium to produce 40 parts by 
weight of sodium hydroxide and 1 part by weight of hydrogen. 
The subscript in H,O refers to the two equal parts into which 
the hydrogen in water may be divided by sodium. 

Let problems be introduced now to clinch the understanding 
of the ideas involved in the equation. One pound of sodium will 
liberate what weight of hydrogen from water? One gram will 
liberate what volume of hydrogen? etc. 

The idea of valence may be introduced at this stage. Since 
the oxygen which unites with two replaceable parts of hydrogen 
can not be divided by chemical means, it is said to have a com- 
bining power, or valence, of two. Sodium has a valence of one 
since it replaces one part of hydrogen in water. 

In the outline, Nos. V, VI, and VII of the indispensable exer- 
cises before the atomic theory, are the study of chlorine and hy- 
drogen chloride. There are no new ideas involved here, but it 
is best to have further exercises on the ideas of valence and 
equivalent weight, equations and problems. 

Nos. VIII and IX of the outline refer to the study of nitrogen 
and the oxides of nitrogen. These are introduced here chiefly 
to prepare for the illustration of the law of multiple proportions. 
Otherwise their study at this stage would not be necessary. 
Regarding the experimental illustration of the law of multiple 
proportions, I find that the analysis of cupric and cuprous oxides 
by reducing with hydrogen, answers well. The only difficulty 
I experienced was in driving off the moisture (chemically com- 
bined, according to Freer) from Cu,O. This requires a tem- 
perature above 360 C. 

The oxides of nitrogen may be used as an additional illustra- 
tion of the law, the data being furnished by the teacher without 
experiment. 

If so much has been presented carefully and grasped, the mole- 
cular and atomic theory follows naturally, In the first place, 
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the pupils see the need of a theory, and secondly, other matters 
such as symbols, laws, valence, combining weights, equations, 
etc., having been disposed of, they can confine their attention 
wholly to the grasping of the atomic and molecular ideas. It is 
very easy to say that matter is composed of molecules, which in 
turn consist of atoms, but to get a sharply defined mental image 
of molecular and atomic relations is a very different matter; a 
clear conception is entirely possible to third year pupils if pre- 
sented rationally, and is worth all it costs both in the pleasure it 
gives the learner, and in the added grasp in organizing the facts 
of chemistry. The opponents of theory hold that we should 
teach descriptive chemistry instead of wasting time on the the- 
ory, but I maintain that more descriptive chemistry can be taught 
in a year’s time by means of the theory than can be taught with- 
out it. Given a unifying principle, and facts are easily assimi- 
lated ; each added fact makes the acquisition of other facts easier 
instead of more difficult. 

To get a working knowledge of the molecular and atomic 
theory, it is necessary to follow up the statement of the theory 
with problems involving the determination of molecular and 
atomic weights, the determination of simple formulas from the 
analysis of compounds and the vapor density, etc. And this I 
find to be delightful work with pupils who have a real conception 
of the theory. In the outline I have suggested some things that 
I have found profitable to take up in the second term. I feel cer- 
tain that this will vary in different schools. I maintain that it 
is best to give a clear conception of the atomic theory, but the 
applications that will give this are many, and should be left to 
the judgment of the teacher. However I believe that an intelli- 
gent conception of the theory can not be given without a knowl- 
edge of Avogadro’s hypothesis. I am also of the opinion that 
the idea of molecular and atomic weights will be more or less 
hazy, unless cleared up by an experimental determination or two. 

The ionic theory is well worth the trouble if there is time, but 
is of course, not essential, though I find it of great help. 

To sum up, I would say that the second term will take care of 
itself, if the work of the first term is properly presented. It is 
not the amount of ground that we cover, but the way that we 
cover the ground that is all important. It is thinking that we 
should require of our pupils, and it is thought worth thinking 
that our pupils demand of us. 
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AN OUTLINE OF EXPERIMENTS TO INTRODUCE AND 
ILLUSTRATE ATOMIC THEORY. 


A. Aim of Chemistry Course. 
I. For First Term. 
a. To explain the chemical facts the pupil has already ac- \ 
quired; such as rusting of iron, oxidation of lead, burn- 
ing, etc. 
b. To acquire a knowledge of the most fundamental facts in 
chemistry, through an intensive study of the most familiar 
substances; such as water, air, salt, etc. 
ec. To strive to inculcate the habits— 
(1.) Of neatness and cleanliness. 
(2.) Of recording observations carefully and fully. 
(3.) Of distinguishing between fact and fancy. 
(4.) Of forming judgments justified by the known facts. 
(5.) Of suspending final judgment till all the facts are 
known. 
(6.) Of verifying conjecture by further experiments. 
II. For the Second Term. 
a. Explanation in terms of the molecular, atomic and ionic 
theories of the facts gained during first and second terms. 
b. Study of as many metals, non-metals and their compounds, 
not studied in first term, as time will permit. 
ec. Continued endeavor to fix correct habits. 
B. Methods of Instruction. 
I. Experiments by pupils, or when these are too difficult, ex- 
periments performed by the teacher. 
II. Formulation and discussion should follow rather than precede 
experiment. Pupils led to formulate the law from the ex- 
periment, rather than to see in the experiment an illustration 
of a law previously stated. ‘ 
III. All consideration of molecules and atoms postponed till second 
term. 
C. The Irreducible Minimum to precede Atomic Theory. 
I. That a chemical change is accompanied by a change in proper- 
ties and generally by a change in temperature. Exp. Heating 
of Sulphur and Iron. 
II. Elements and compounds. Exp. in I, and Heating of Red 
Precipitate. 
III. That weight and therefore matter remains constant in a chem- 
ical change. [Law of Indestructibility.] *Exp. Solutions of 
KI. and HgCl, weighed carefully before and after mixing. “ 
IV. A study of Water. 
a. Chemical composition by electrolysis and by synthesis. 
*Exp. 
b. Physical and Chemical Properties of Oxygen and Hydrogen. 
Exp. 
ec. Weight of 1 liter of Oxygen and Hydrogen. *Exps. 


*See explanatory note at conclusion of this article. 
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d. Proportion of Oxygen and Hydrogen. 
(1.) By Volume. *Exp. Electrolysis and direct union. 
(2.) By Weight. Calculated from results in c. and d. 
“Combining weights” of oxygen and hydrogen intro- 
=e duced from results. 
e. Law of Definite Proportions. 

*Exp. (1.) Pass a spark through a mixture of oxygen 
and hydrogen where the proportion of hydrogen is 
greater than 2 to 1. Test gas remaining. 

*(2.) Pass a spark through a mixture of oxygen and 
hydrogen where the proportion of hydrogen to oxygen 
is less than 2 to 1. Test gas remaining. 

f. Hydrogen in water consists of two equal parts, one of 
which may be replaced and the other left. 

Exp. (1.) Action of Sodium on Water; collecting and 
testing of gas; evaporation and examination of resi- 
due. 

*(2.) Residue when heated with more sodium gives up 
more hydrogen. [Freer Exp. 14.] 

g. Formulae and Equations. 

(1.) H = 1 part by weight of hydrogen. 
O = 16 parts by weight of oxygen. 

Na = 23 parts by weight of sodium. 

(2.) H, + O =H, 0. Two parts by weight of hydrogen 
unite with 16 parts by weight of oxygen to form 18 
parts by weight of water. 

(3.) The figure “,” in H, O refers to the two equal parts 
into which the hydrogen may be divided by a metal, 
such as, sodium. 

(4.) Na + H,O=—NaOH +H. 23 parts of sodium unite 
with 18 parts of water to form 40 parts of sodium 
hydroxide and 1 part hydrogen. 

bh. Solution of Problems concerning Water. 

(1.) Wt. of oxygen and hydrogen to form 100 gms. of 
water? 

(2.) One liter of hydrogen burned in air, what wt. and 
vol. of water formed? 

(3.) 20 gms. of sodium placed on water, what vol. of 
hydrogen liberated? etc. 

i. “Equivalent Weights.” 

Of sodium is 23, since the sodium which replaces the 
hydrogen in water has been found to weigh 23 times 
as much as the hydrogen it liberates. 

j. “Valence.” 

(1.) Of oxygen is 2, since it combines with two replace- 
able parts of hydrogen. 

(2.) Of sodium is 1, since it replaces one part of hydrogen 
in water. 


‘ *See explanatory note at conclusion of this article. 


VI. 


VIL. 
VIII. 


IX. 


X. 
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Physical and Chemical Properties of Chlorine. 

Usual Exps, by pupils, among which is the union of hy- 
drogen and chlorine to form hydrogen chloride. 

a. Equation: H + Cl = H Cl. One part of hydrogen by 
weight unites with 35.5 parts of chlorine by weight to 
form 36.5 parts of hydrogen chloride. 

b. Valence of chlorine is therefore one. 

Electrolysis of Hydrogen Chloride. 

H Cl >= H + Cl. 365 parts by weight of hydrogen 
chloride yields 1 part of hydrogen and 25.5 parts of 
chlorine. 

Problems concerning salt, hydrogen chloride and chlorine. 

Study of Nitrogen; physical and chemical properties. Exps. 

Nitrous Oxide, Nitric Oxide and Nitrogen Peroxide. 
Preparation and properties. Exps. 

Law of Multiple Proportions. *Exp. Analysis of cuprous and 

cupric oxides [previously heated to drive off moisture] by 

leading a current of hydrogen over a weighed amount of the 
oxide in a glass tube heated to redness; resulting copper 
weighed and loss of oxygen determined. 

In cuprous oxide 7.95 gms. copper are united with 1 gm. 

of oxygen. 

In cupric oxide 3.975 gms. copper are united with 1 gm. 


of oxygen. 
D. Introduction and Application of Molecular, Atomic and Ionic The- 
ories. 
I. a. Need for an explanation of 


(1.) Law of Indestructibility. 
(2.) Law of Definite Proportions. 


° (3.) Law of Multiple Proportions. 


b. Formule in part C also represent the composition of mole- 
cules. For example, a molecule of water is composed 
of oxygen and hydrogen in the proportion of 16 parts by 
wt. of oxygen to 2 parts by wt. of hydrogen. (a) The 
oxygen in a molecule of water is known as an atom; 
(b) the hydrogen in molecule of water consists of two 
atoms. 

e. Atomic and Molecular Weights. : 

(1.) Since H,O may be understood to represent a mole- 
cule consisting of 2 atoms of hydrogen and 1 atom 
of oxygen, then 1 atom of oxygen weighs 16 times the 
weight of the hydrogen atom. The molecular wt. of 
oxygen is therefore 1/6. 

(2.) The weight of a hydrogen molecule is 18 times the 
weight of the hydrogen atom. The molecular wt. of 
water is therefore 18. 

(3.) The atomic weight of sodium is 23. 

d. Valence of atoms. 


*See explanatory note at conclusion of this article. 


CHEMICAL THEORY IN HIGH SCHOOL 283 


(1.) Since 1 atom of oxygen combines with 2 atoms of 
hydrogen, the valence of an oxygen atom is 2. 

(2.) Since 1 atom of sodium replaces 1 atom of hydrogen 

in water, the valence of a sodium atom is /. 

r : e. Explanation of laws in (a) by the molecular and atomic 
conception of matter. 

Il. Determination of Atomic Weight [Exp. by pupils. | 

a. Of Zine. [Sulphuric acid on known wt. of zinc.] 

b. Of Tin. [Nitric Acid on known wt. of tin.] 

III. The molecular weight in gms. of all gases at Standard condi- 
tions occupies 22.4 liters. [Brad., pp. 119, 120.] 

a. Wt. of 22.4 1. of oxygen calculated from results in C IV c¢. 
Approximately 32 gms. 

b. Wt. of 22.4 1. of hydrogen calculated from results in 
C IV c« Approximately 2 gms. 

IV. Problems on the wt. of given volumes of various gases. 

V. Proof of Avogadro’s Law from III and that the molecular 
weight in gms. of all substances contain equal numbers 
of molecules. [Brad., pp. 121, 122.] 

VI. Conduction of the Electric Current by Solutions. *Exp. and 
Explanations in terms of ions. 

VII. Neutralization. [Quantitative Exp. by pupils.] Part played 
by ions; ionic equations; properties of acids and bases 
due to ions. 

VIII. Chemical Action in Solution. 

A matter, mostly, of solubility. On mixing two solutions, 
complete double decomposition occurs when either of the 
possible products is insoluble or volatile. A table of the 
solubility of the common compounds will enable a stu- 
dent to determine whether or not, on mixing any two 
solutions, complete decomposition will take place. 

For example: Solutions of barium chloride and copper sul- 
phate are mixed; the possible products are barium sul- 

' phate and copper chloride; the first is insoluble; there- 

fore, the two products will form and the chemical de- 
composition will be complete. 
IX. The determination of molecular formule from vapor density 
and percentage composition. 
X. Law of Simple Volume Ratios. 
*Exp. a. 2 vols. of H and 1 vol. of O produce 2 vols. of water 


vapor. 
*Exp. b. 1 vol. of N and 8 vols. of H. produce 2 vols. of am- 
monia. 


XI. No. of atoms in a molecule of oxygen, hydrogen and nitrogen 
deduced from experimental data in X. 


*Explanatory Notes. 

a. Experiments marked thus * are demonstration experiments by the teacher; all 
others are pupils’ experiments. 

b. “Brad ’’ refers to Bradbury's Elementary Chemistry. ‘‘Freer’’ refers to Elements 
of Chemistry by Paul Freer. 

c. The foregoing outline of theory for the second term is not intended as the maximum 
or the minimum for any and all classes and schools, but merely to indicate some things 
which I have found it possible and interesting to teach pupils of the third and fourth 
year of the High School course 

However, the work outlined for the first term, or some similar approach to the atomic 
theory, is regarded as essential to the best results. 
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FASHIONS IN FIGURES. 


By Erric GRAHAM, 
Topeka High School. 


**E’en the moon hath her phases.” 


Problem-solving is the mathematics of the people. No matter 
how great the value of examples, formulas, or the deduction 
of abstruse principles as a means of mental culture or of further- 
ing mathematical progress, the public still asks the graduates 
of its schools to “do its sums.” 

Since the days when ancient Greek philosophers held “sum- 
doing bees” in the forum of Athens, where these worthies, keep- 
ing the methods secret, gave satisfactory answers to knotty math- 
ematical problems asked by a fascinated and mystified populace, 
who flocked to discover, if they might, the magical art of these 
wizards—down through the days when the cute old gentleman 
assailed the collegian with “the herring and a half that cost a 
cent and a half’’—the plain people have shown an unfailing in- 
terest in the subject and have held in high admiration the person 
who could satisfactorily answer its catchy queries. 

Not only in questions of that character is interest shown, but 
the public in general demands, and justly too, that the young 
people of its schools shall be able to solve the practical problems 
that puzzle the brain and stay the hand of this same overworked, 
busy public. 

It follows, therefore, that since a changing public finds con- 
tinual interest in these problems, the problems themselves must 
change—varying, as do the milliner’s creations, but accurately 
recording every phase of the political and commercial world. 
Indeed, it may not be too much to say that if other records and 
histories were lost, the mathematical problems of a time would 
reveal its civilization. 

Note the following from a new arithmetic. “The battle of 
Manila began 41 minutes after 5 o’clock Sunday morning, May 
Ist. Manila is in long. 121 20’ E, Washington is in long. 77 W. 
What was the time at Washington when the battle began by sun 
time? by standard time?” Such is the text, but between the 
lines are the words annexation, Spanish oppression, Dewey, Mc- 
Kinley, Morse, Field, International Date Line, Royal Observa- 
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tory, and indeed much that science, discovery, exploration, pa- 
triotism, or philanthropy has done for the race is suggested by 
this simple question. 

Ancient and modern modes of travel are easily discovered, 
also. The problem beginning, “If a man can walk eighteen miles 
a day,” has been replaced by “A train goes from London to Bir- 
mingham in 3 hours;” “The smaller wheel of a bicycle makes 
135 more revolutions than the larger one.” And a really up-to- 
date book will no doubt include the automobile and the airship. 

Questions of hygiene are now found in the texts. One begins, 
“How much pure air must be allowed to enter a school room 20x 
18x10 to supply 30 pupils,” etc. Preserve us! In the old days 
the amount of oxygen consumed by each pupil mattered little. 
since it came to him freely through the cracks of the log school 
house. All he had to do to solve the question of ventilation was 
to lengthen or shorten his distance from the open fireplace, and 
he immediately and effectively lowered his temperature and so 
solved and verified the problem at one and the same time. 

The arithmetic of fifty years ago contained this problem: “If 
a man and his wife can drink a keg of beer in twelve days,” etc; 
and this—“If a bushel of corn is worth 35 cents and makes 2% 
gallons of whiskey which sells at $1.14 a gallon, what is the 
profit?” etc. This is suggestive. Whether the bibulous man who 
shared the drinks with his wife is extinct or not, he is not now 
considered sufficiently suggestive of right living to make an ex- 
ample of him; and although many of our youth may be led into 
the liquor business, public sentiment forbids the predestination of 
its youngsters to that lucrative employment by the large per cent 
profit offered by Ray’s Higher. In contrast we copy this from a 
new algebra: “A druggist accepts an offer of $5 for as many 
glasses of soda water as can be flavored with any two of his 20 
syrups,” etc. The change in public sentiment on the liquor ques- 
tion is as marked as is the change from whiskey of the earlier 
to the soda water of the later problem. 

Note this from Ray’s “Intellectual”—“If a man earn 37% 
cents a day, how much will he earn in 204 days?” Not enough 
to stimulate the modern boy to join the ranks of laborers, surely. 
nor enough to suit these days of frequent strikes and shorter 
hours—for witness this from the New Model—‘A clerk’s salary 
is $4,500,” etc. 
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And so one might multiply illustrations. The settlement of the 
great West has given us many “land problems.” Recent years 
introduced the new units of electricity. Importation and scien- 
tific teaching require the metric units—and all these demands 
must be met, and in meeting them the old ways are gone, indeed. 

Where is the old-fashioned man whose boy semi-annually 
took this message to the school ma’am?—*‘Pop says here's a ex- 
ample fer ye to work”—“If 3 cats catch 3 rats in 3 minutes, how 
many cats will it take to catch 100 rats in 100 minutes?” Shades 
of scared school ma’ams of long ago, your 0 cupation is gone. 
What with Rough on Rats, and modern traps, the cat industry 
has ceased to interest the book makers; but it is doubtful if the 
rats have been exterminated at less expense than when a cat in 
full practice and enjoying a reasonable degree of health, and 
possessing a rat-catching ancestry, was expected to demolish rats 
with such celerity and dispatch as to terrorize the pedagogues. 

The problems that kept our grandfather up nights baking his 
brain before a roaring fire, “figgerin’’’—on the hearthstone— 
with a charred stick—were of cats and rats, of fox and geese; 
those of a later generation “ciphered” out with slate and pencil 
flanked by a shining coat sleeve—fierce salivic sum-destroyer of 
fifty years ago—were of men walking, plowing and mowing and 
earning. As a brain stretcher they “figgered” on the famous 
fish whose tail weighed as much as its head and its body as much 
as both together. The modern youth sits erect—clamped into 
a patent desk—armed with patent tablet, pencil and eraser— 
near a patent air-destroying register—and writes of ohms and 
ergs, volts and amperes, stocks and bonds, and solves problems 
like unto this—“How many committees, each consisting of 2 
Republicans and 3 Democrats, can be formed from 14 Republi- 
cans and 21 Democrats?” 

Gone are the good old days of the good old men with their 
catch questions. Gone the times when men walked 18 miles, 
mowed 1% acres, chopped 2 cords of wood, and earned 37% 
cents per day—and enter the “youngest son of the newest race.” 
who travels by train at 60 miles per hour and calculates the trans- 
mission of millions per cable, or the journey of automobile or 
bicycle. Verily we move, and mathematics checks off the mile 
posts of our progress. Is it advance or retreat? Quien sabe. 

The newer days require new problems—but we must see to it 
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that in offering them to the youth they are questions fitted to 
stimulate the keenest thought, the closest application, the most 
strenuous mental effort. Let not the going of the catch question 
lose us its keen, shrewd quality of mental exercise. See to it 
that the new books are not lacking in these things and that the 
boy in his effort and application measures up to the book. 


WHAT MATHEMATICS CAN DO FOR PHYSICS.* 


RicHarpson D. Wuite, 
Central High School, St. Louis. 


The question brought before us for consideration in the papert 
just read is one of great importance to teachers of mathematics 
for several reasons. 

In the first place the persistence with which it crops out at 
meetings of science and mathematics teachers wherever and 
whenever held is a sufficient reason for our considering it care- 
fully. 

In England, France and Germany, as well as in the United 
States, there is a growing demand for reform in the methods of 
teaching mathematics so as to make the knowledge thereby 
gained by the student a better tool for use in his work in physics 
and other sciences. 

From the standpoint of the teacher of mathematics therefore, 
I am convinced that it is high time we were investigating the 
demands of these reformers for the purpose of complying with 
them when they are reasonable and just and of putting a stop to 
them when they are not. Aside from the general agitation of this 
subject in educational circles we find that our own teachers of 
physics are after us with a big stick and we who teach mathe- 
matics must either comply with their demands or show them why 
we do not. 

Before discussing in detail the things which have been asked of 
us to-day I shall define my own view-point and that which I 
believe is the view-point of most teachers of mathematics. Shall 
we consider this question from the apparent view-point of the 
teachers of physics that mathematics is, or should be, merely a 


*Read before the Science and Mathematics Teachers of St. Louis. 
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tool with which the student is to solve his problems in physics or, 
as differently expressed, is a method of study of science, a mere 
method and not an end in itself, or shall we take the higher 
ground that mathematics has a value of its own aside from its 
usefulness in solving the problems of other sciences, that it is 
at least as important a factor as physics in that cultivation of the 
faculties, whether intellectual or moral, which produces an edu- 
cated man or woman. 

Unhesitatingly I take the latter position, First and last, and all 
the time we are teaching mathematics, in secondary schools at 
least, primarily because of its great educational value and not on 
account of its usefulness to the student either in his after life or 
in the other subjects which he takes up in his course. I do not 
want to be misunderstood. I concede, I even proclaim, that 
physics has a right to expect something of mathematics, but by no 
means as much as it asks. 

But to take up the paper in detail: it was stated that “mathe- 
matical interpretation and statement of the variously related data 
of physics problems proves a stone wall to most of our pupils” 
and again “principles learned and applied with facility in the so- 
lution of the problems and equations of mathematics text books 
are quite beyond the power of the pupil to apply in this new field.” 

This condition of affairs is deplorable and undoubtedly a rem- 
edy ought to be found, but should the full burden of that remedy 
fall on the teacher of mathematics? It is suggested as a means 
of cultivating this ability to apply mathematical knowledge to 
physics that in algebra many problems should be given involving 
physical data. This demand to a certain extent is just. But 
there is great danger of carrying the practice too far. I do not 
think we should select a majority, or even any large number, of 
our problems with this in view because, while such a course 
would no doubt benefit physics greatly, yet it would be too costly 
in the time it would take from other things of equal or greater 
importance from the purely mechanical standpoint. Any 
problem involving physical laws can be understood and solved 
by the pupil only when he has some knowledge of those physical 
laws. For example, on page 167 of Wentworth’s Algebra, in a 
set of miscellaneous problems are two involving the law that any 
substance varies in weight inversely as the specific gravity of the 
medium in which it is weighed. In order that the pupil may have 
a correct understanding of these problems I find it necessary first 
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to explain specific gravity, and in fact without such exp‘anation 
a majority of the pupils are unable to solve the problem in spite 
of the fact that the strictly mathematical principles involved are 
no more difficult than those in many problems which the pupil 
solves with ease. What I fear is that if we multiply to any great 
extent the problems involving physical laws we shall simply 
convert an algebra class into a sort of primary class in physics. 
I admit that this would materially aid physics but it would be a 
great detriment to the study of algebra itself. Probably, how- 
ever, by a wise selection of problems involving only the simple 
and fundamental laws of physics we might be able to make alge- 
bra aid physics more than it now does without injury to itself. 

One of the problems suggested in our paper for to-day reads as 
follows: “Assuming the velocity of sound to be 1,100 feet a 
second, find the distance of the point of discharge, if 24 seconds 
elapse between seeing the lightning and hearing the thunder.” 
Even in so simple a problem as that a certain amount of explana- 
tion not strictly mathematical would have to be given before 
the pupil would know how to attack the problem. First 
year pupils in algebra are as a rule not even aware of the fact 
that sound travels. In our second half-year’s work in algebra 
there are given in the text in round numbers 175 problems. Of 
these not less than 35, i. e. one fifth of the whole are problems on 
distance, rate of speed, and time, which are the elements found in 
the problem quoted above. One problem in five! Surely that 
is enough on the one principle and moreover there are many 
others depending on principles closely allied to that of distance. 
rate, and time, such problems for example as the amount of work 
A, B, and C can do when working separately or all together or 
in pairs. Here we have amount of work, rate of work, and time, 
and I might quote others. When we talk to our pupils about a 
train traveling or a man working we are presenting ideas with 
which they are perfectly familiar, but when we talk of the rate of 
travel of sound waves we have gotten into a domain entirely 
beyond their ken. I am afraid that physics must still for the 
most part carry the burden of teaching its own laws. 

Again I quote the paper you have heard to-day. “Every term. 
algebraic expression and equation used in physics should be 
found in the problems of algebra—(and this)—pupils should 
know that these letters (s, m, v, t,) etc. represent relations which 
will be studied later.” As I understand these statements they 
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mean that in teaching algebra we ought to give the pupil the 
meaning in physics of the letters s, m, v, t, etc., and to teach them 
the equations representing a very large number of the laws of 
physics. To me this sounds very much like saying that we 
ought to teach them physics, and right there I demur. 

Another point mentioned is the use of graphs. And even here, 
while admitting the general usefulness of graphs I would cry a 
warning against the too enthusiastic introduction of them into 
elementary algebra. While of great value to the physicist they 
are in my opinion not nearly so important in algebra. They 
should be used, but not to such an extent as to take up time needed 
to secure accuracy and facility in handling algebraic expressions. 

To pass to the next subject, complaint has been made that the 
pupil when he takes up physics is grossly ignorant of ratio, pro- 
portion and variation. I admit his ignorance, but it is easily ex- 
plained. As our course of study is arranged when the pupil takes 
up physics he has studied ratio, proportion and variation not at 
all except what little he has done on these lines in arithmetic. 
To comply with the demand of physics in this respect we must 
then do one of two things; either put off physics to a later time 
in the course, or, this being impossible, take up ratio, proportion 
and variation earlier in our mathematics course. I shall discuss 
only the latter alternative. 

To take up these subjects earlier either in algebra or geometry 
would in my opinion be very unwise. Not only would such a 
course interrupt the logical development of the two great divi- 
sions of elementary algebra, i. e., the extension of the number 
concept and the nature and use of equations, but it would bring in 
these subjects, i. e. ratio, proportion and variation before the pupil 
had acquired sufficient power in the use of algebraic forms of 
expression and geometrical forms of proof. Again it is sug- 
gested that the first three or four weeks in geometry be given to 
constructional work in lines, angles, triangles, parallelograms, 
etc., using cross section paper, protractors, dividers, diagonal 
scales and metric ruler. This might well be done and I for one 
should like to see it tried. I believe it would be a great benefit 
to demonstrative geometry to have some constructional work go 
before but better than the plan suggested would be to have this 
work done before the pupil reaches the high school. This plan 
has been tried in Germany with great success. In their schools 
they begin the study of geometry in what would be With us about 
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the sixth grade of the grammar school work, which is before they 
begin the study of algebra. They begin the work in geometry 
_ with the construction of lines, angles, triangles, etc., with pencil, 
ruler and compasses. This work is followed by elementary 
theorems on straight lines, triangles and parallelograms after 
which the study of algebra is begun and the two subjects are then 
carried on as parallel studies. In the German educational ex- 
hibit at the Fair last summer I saw some excellent work in con- 
stiuctional geometry done by children of twelve years of age. 

We are also asked to interrupt our work in geometry to teach 
the trigonometric functions. The time suggested is that follow- 
ing the study of similar triangles. This would be in the second 
half of the second year, which would perhaps be in time for their 
use in the study of electricity and light. Here again I would 
interpose the objection that we haven’t the time to do so. 

And last, but by no means least, we are asked to introduce in 
our first year’s work in mathematics frequent exercises involving 
accurate methods of construction and measurement. This would 
undoubtedly aid physics as stated and would also help geometry, 
but I should like to know how many mathematics teachers would 
find the time to do justice to this work without neglecting the 
logical and regular development of the fundamentals of elemen- 
tary algebra to which our first year’s work is now given. 

To sum up in brief my answer to the demands of physics. We 
might with benefit to mathematics as well as to physics first in- 
crease the use of graphs in our first year’s work in algebra; 
second, insert a few more problems involving the data of physics 
and third, remodel our first half year’s work in geometry so as to 
begin with constructional instead of demonstrative work. If 
these changes will not remove the evils complained of, and I fear 
that they will not altogether, then we must either begin physics 
later in our course or algebra and geometry earlier. The latter, 
I think, would be the better alternative. 

We as mathematics teachers must decline to grant all that 
physics asks of us because, as I said in the beginning, to do so 
would be to convert our mathematics classes into. mere primary 
classes in physics, to lay aside our ideal of mathematics as a study 
of great educational value and place it in the subordinate position 
of a mere aid, however important a one, to the study of other 
sciences. And this I am unwilling to do. 
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SUGGESTIONS AS TO A COURSE IN MATHEMATICS FOR THE 
ENTERING CLASS OF A HIGH SCHOOL. 
By J. C. Packarp, 


High School, Brookline, Mass. 

Arithmetic :— 

Review arithmetic to the extent of looking over :— 

(a) Decimals, using as laboratory exercises “Comparison of 
Lengths ; Metric and English ;” “Estimation of Tenths ;” “Use of 
Vernier reading to Hundredths of a Centimeter,”—touching upon 
“errors” and “significant figures.” 

(b) Common fractions, especially such divisions of the inch, 
1-4, 1-8, 1-16, 1-32, 1-64 as are made use of in the Manual Train- 
ing department, using as laboratory exercises: “Computing of 
Areas—parallelogram, triangle, trapezoid, from diagrams ;” 
“Computing of Volumes,—rectangular, solid, cylinder, sphere— 
from actual models ;” “Density.” 

(c) Problems from daily life concerning heating, ventilation 
and the like. 


Algebra:— 


Teach Algebra as a generalization of Arithmetic, keeping the 
two in parallel, one illustrating the other. Apply as often as 
possible to problems arising in the laboratories, the work-shop, 
and affairs of daily life—searching day and night for such cor- 
relations. 

_ As soon as the four fundamental operations have been mas- 

tered introduce an abundance of formulae, taken from text-books 
selected by the teachers of Science and Manual Training—the 
pupils to calculate numerical values from data supplied. Then 
teach the use of Logarithms until pupils become expert in use of 
four-place tables. Teach the use of the slide rule. Teach frac- 
tions by analogy with Arithmetic. Teach ratio. Then empha- 
size the equation, teaching many applications to the lever, the 
inclined plane, the screw, the wheel and axle, the pulley and the 
like, using each quantity in turn as the unknown, and calling upon 
the Physics department for laboratory work in this connection. 
Many problems in specific gravity, liquid pressure and ventilation 
may be properly introduced at this point. Give considerable 
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attention to the proportional form of the equation referring to the 
law of conjugate force for illustrative matter. 

Then take up graphs, calling upon the Physical laboratory for 
practical problems. Teach factoring as the inverse of multipli- 
cation. Teach the binomial theorem as far as the cube only, 
making use of squared paper and dissected cube models in empha- 
sis of the concrete. 

Teach quadratics as applied to laws of falling bodies and the 
pendulum, making extensive use of the graph in this connection 
also. 

Omit fractional and negative exponents and much of radicals 
until later. 

Aim to make the pupil feel that he is getting something worth 
while—something that he can use. 


Geometry :— 

Begin with the concrete,—paper folding and the like. Use 
diagonal scale and dividers to establish ratio of lengths, reviewing 
“errors” to enforce relation between the theoretical and the prac- 
tical, the concrete and the abstract. 

Use the balance. to determine laws of areas and squared paper 
for the same purpose. 

Teach drawing to scale and measurement of inaccessible dis- 
tances in connection with the third book. Under applications, in 
place of many originals, teach parallelogram of forces, inclined 
plane, images in a plane mirror, speed of cogs and belting and 
the elements of surveying. 

Teach constructions as actually used in the Manual Training 
department. 

Determine approximately, the value of + by use of the vernier, 
refer to the history of the subject, assign practical value and 
apply to concrete problems—concerning area of a circle, volume 
of a cylinder and sphere—discussing circular mils, diameters of 
wires, and the like. Discuss architectural forms to develop the 
sense of the beautiful in geometrical construction and a love of 


symmetry. 
Aim to make the course intensely practical, 
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THE STUDY OF HISTORY OF MATHEMATICS. 
By G. A. 
Stanford University, California. 


One of the prominent elements in the present movement 
towards improvement in mathematical teaching is greater stress 
on the historical development of the subjects both in secondary 
and in advanced mathematics. This statement is supported by 
the highest possible authority. During the last international 
mathematical congress, held at Heidelberg in August, 1904, a res- 
olution was passed in favor of creating university professorships 
of the history of mathematics and of introducing the notions of 
the history of science in secondary instruction. The same con- 
gress passed a resolution in favor of forming an international 
association of those who occupy themselves with the history of 
mathematics. Somewhat similar resolutions have been passed by 
other national and international organizations, in particular 
by the association of the teachers of secondary mathematics in 
Switzerland and by the second international congress of philos- 
ophy. 

The main object of the present article is to give helpful sugges- 
tions to those who have not enjoyed the advantages of a good 
training in the history of mathematics but are anxious to make 
up the deficiency by private study, Our foremost suggestion is 
to study the sources of history whenever possible. Instead of 
reading the conclusions reached by others, draw your own con- 
clusions and compare them with those which others have reached. 
It is harder to become thoroughly acquainted with a work than 
to accept the main results which a ripe historical scholar has 
reached, yet the former method will make you stronger and it 
will enable you to see tendencies which would almost certainly 
escape your notice if you depended on the opinions of others. 

At the present time there are great obstacles in the way towards 
such a study of the history of mathematics. For instances, the 
main source of Egyptian mathematics is the “Mathematical 
Handbook of Ahmes,” published in German under the title “Fin 
Mathematisches Handbuch der alten Aegypter” by A. Eisenlohr, 
second edition, Leipzig, 1891. As no English translation exists. 
those who do not read German have to be content with the very 
fragmentary extracts which are found in English histories or 
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journals.* It is to be hoped that the general interest in the history 
of mathematics will soon justify the publication in English of 
this very fundamental source of mathematical history. 

In the history of Greek mathematics the English reader finds 
much less difficulty. Among the most useful sources are “The 
work of Archimedes,” “Apollonius of Perga,”” and “Diophantus 
of Alexandria.” These three works are edited by T. L. Heath 
and published by the Cambridge University Press. The last 
one is not a translation but it contains an appendix devoted to an 
abstract of the arithmetics and the tract on polygonal num- 
bers of Diophantus. Those who read German will find the trans- 
lation by Wertheim more helpful, especially since an appendix 
to this translation is devoted to the problems of the Palatine 
Anthology. The “Elements of Euclid” are so well known that 
it is perhaps not so essential to consult the exact translations but 
even here the spirit of elementary Greek mathematics can be most 
readily learned from the direct translations. 

The study of Hindu mathematics should begin with “Algebra 
with arithmetic and mensuration from the Sanscrit of Brahme- 
gupta and Bhascara,” translated by H. T. Colebrooke, London, 
1817, while a great part of Arabian mathematics is most access- 
ible in “The algebra of Mohammed ben Musa,” edited by F. 
Rosen, London, 1831. This list could readily be extended but 
our aim is to assist in making a wise beginning in the study of 
the history of mathematics. After this is made the student can 
judge for himself in reference to most suitable literature. Let 
it be remembered that a thorough study of a few works is much 
more helpful than a superficial knowledge of many. 

One of the main objects in the study of the history of mathe- 
matics is to acquire a keener appreciation of the difficulties which 
the various concepts offer to the beginner. These difficulties 
will appear most clearly in the vagueness of the early writers on 
the various subjects. The slowness with which various concepts 
developed among the scholars of the world is apt to make the 
teacher more sympathetic with the difficulties which the youthful 
mind has to encounter. 

The beginner in the study of the history of mathematics will 
find it very helpful to read some elementary general works on 
the history of mathematics in connection with his study of origi- 


*The most extensive of these were published in the October. 1905. number of this Journal 
under the heading, ‘‘The Mathematical Handbook of Ahmes.”’ 
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nal works. Among such histories we would especially recommend 
to the English reader “A history of elementary mathematics,” 
by Florian Cajori; “A short history of mathematics,” by W. W. 
R. Ball; “A brief history of mathematics,” translated by Beman 
and Smith. The first two are published by the Macmillan Com- 
pany while the last is published by The Open Court Publishing 
Company. Those who read German would naturally prefer the 
classic work “Vorlesungen tiber Geschichte der Mathematik.’ 
by Moritz Cantor, which is published by Teubner. 

One of the most useful aids to the study of the history of 
mathematics is the “Encyklopaedie der Mathematischen Wissen- 
chaften mit Einschluss ihrer Anwendungen,” which is in the 
course of publication by Teubner. The French edition of this 
work will be especially rich and reliable in historical references, 
judging from the part which has appeared and from the stand- 
ing of the editors. When complete it will probably contain at 
least twenty-five volumes and hence it is too expensive for those 
who do not aim to make a comprehensive study of the subject. 
It is to be hoped however, that such a classic work will find a place 
in many of the school libraries so that the few who have suffi- 
cient energy and interest will not find their way blocked by a 
lack of opportunities. 

If some one desires to make a very inexpensive beginning in 
securing literature on this history he can do so by procuring 
“A primer of the history of mathematics,” by W. W. R. Ball. 
This little book of 150 pages is published by the Macmillan Com- 
pany. The early history of mathematics in our own country is 
probably most accessible in ““The teaching and history of mathe- 
matics in the United States,” by Florian Cajori, published by the 
Bureau of Education, circular of information No. 3, 1890. The 
early history of mathematics in England may in a large meas- 
ure be deduced from “A history of the study of mathematics at 
Cambridge,” by W. W. R. Ball, published by the Cambridge 
University Press. Those who desire to keep in touch with the 
recent developments in the history of mathematics cannot afford 
to be without the journal which is exclusively devoted to this 
subject, viz: “Biblotheca Mathematica,” published by Teubner. 
As most of the articles in this journal are in German or French, 
the student who does not read these languages will find the 
journal of comparatively little use, but such a student has to be 
behind the times in nearly every line of learning. 
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THE ERRONEOUS PHYSIOLOGY OF THE ELEMENTARY 
BOTANICAL TEXT-BOOKS.* 


By W. F. GANona, 
Smith College, Northampton, Mass. 


Most of us can remember when plant physiology was a study 
only for the favored student in a European university. To-day 
its elements are taught throughout the country in the schools. 
The interval has been marked by an effort so to simplify its appli- 
ances and methods that even a child may use them. The spirit 
of the movement is admirable, but its results are not wholly for- 
tunate, mainly because it has been carried too far. For this ex- 
treme of simplification has too often produced appliances so 
crude as to encourage slovenliness of hand and mind, methods so 
slipshod as to inculcate wholly wrong ideas of the nature of sci- 
entific work, and results so illogically grounded that it is only 
the badness of our teaching which saves us from having our own 
students point out their fallacy. Most of us concerned with this 
subject are guilty of perpetuating if not originating some of these 
errors; and as I observe them passing along without question 
from book to book, seemingly in secure immortality, I am led 
to exclaim, truly the evil that men do lives after them! But we 
have now, perforce, reached a limit in the development of simpli- 
fication, and it is time for a new mutation. It should take the 
direction of a critical examination of our existent material to the 
end of rejecting the bad and further perfecting the good. It is, I 
think, true that a majority of the physiological experiments in 
our elementary books are scientifically objectionable from some 
point of view, and I propose here to point out some of the worst 
of the errors involved. 

We turn first to the vital subject of photosynthesis. Perhaps 
we are already freed from that experiment, not long since recom- 
mended in some of our foremost books, in which a leaf of a land 
plant, such as lettuce, etc., when immersed in a tumbler of water 
and placed in the sun, was said to give off copious bubbles of 
oxygen ; and to make you believe it there was a picture showing 
the bubbles on their way to the surface. As an old chronicler 
would have put it,—‘“this is a lye.” Those bubbles are not oxy- 


*A paper read before the Society for Plant Morphology aud Physiclogy at the Ann Arbor 
meeting, December 29, 1905. 
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gen from the leaf, but air dissolved in the cold tap water generally 
used, and released by the rise of temperature in the warm room 
and bright light. They collect on the sides of the dish as well 
as on the leaf, on dead leaves as well as on living ones, in darkness 
as well as in light when the temperature is raised as high, while 
analysis shows that the gas contains no more oxygen than is 
proper to dissolved air. And besides the bubbles do not rise unless 
the dish is shaken. It is true that some oxygen can be given off 
by land plants immersed in water, especially by such as keep a 
film of air about them, but the quantity is insignificant and it 
dissolves in the water without showing perceptible bubbles. This 
experiment is, however, vanishing from our books ; not so another 
almost equally bad which is found in every elementary book 
known to me, including two of my own, viz., the one in which, to 
demonstrate the necessity for light in starch-formation, corks 
or pieces of tin-foil are pinned to the opposite sides of a leaf, the 
effect exhibited when the iodine test is applied being supposed 
to be due to the absence of light. In fact it is due as much to the ab- 
sence of carbon dioxide, as is readily shown by control experi- 
ments. Even a loose arrangement of cork or tinfoil is not suffi- 
cient, since the carbon dioxide, owing to its low tension in the 
atmosphere, must have the freest possible access to the leaf in 
order to afford it a sufficient supply. It is an evidence of a gen- 
eral awakening to our deficiencies in this direction that not only 
do some of our later books insist that the covering substance 
must be loosely arranged, but also that the flaw in this experiment 
has been pointed out in at least three publications of late, by 
Miss Haug in the Botanical Gazette, November, 1903; by C. W. 
King in Torreya, April, 1905, and in the Plant World, October 
and December, 1905. The ideal way to perform this experiment is 
this,—to apply the opaque object only to the upper surface, where 
there are usually few or no stomata, (preferably selecting a leaf 
with none above), and to cover the corresponding lower surface 
with a perfectly ventilated dark box, which will permit free access 
of the carbon dioxide to the stomata. 

Another error is involved in our usual method of proving the 
need for carbon dioxide in photosynthesis. Two similar plants 
are placed under separate bell-jars to which access of the atmos- 
phere is allowed; in one case, however, the opening is screened 
by a carbon-dioxide absorbing substance and in the other by a 
mechanically similar but chemically neutral material. The iodine 
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test, when applied after some hours, is supposed to show the 
presence of starch in the latter but not the former plant. In 
theory this experiment is faultless, but as usually carried out, 
and especially as pictured in the books, it is practically fallacious, 
because the neutral material is used in such quantity and fineness 
as practically to stop all diffusion of carbon dioxide into the bell- 
jar. Under these conditions the results are always imperfect, 
thouzh they are the better in proportion as the bell-jar is larger 
than the plant; if the plant is large and bell-jar small the result 
is negative. The reason is plain,—the larger bell-jar may enclose 
enough carbon dioxide at the start to permit an appreciable color 
with the iodine test even though no more enters. The fact that 
the result depends upon the relative sizes of plant and bell-jar 
shows the fallacy of the method, for it ought to be independent of 
this factor. The remedy is to be found either through use of very 
small plants (or single leaves) in very large sealed jars, one of 
which contains a carbon dioxide absorber, or by drawing air 
continuously through the screens into both bell-jars by means of 
an aspirator, 

An experimental defect in connection with the release of oxy- 
gen by water-plants in photosynthesis is implied by those books 
which figure a cluster of Elodea or other water-weed giving off 
copious oxygen when enclosed under a funnel which rests upon 
the bottom of the containing vessel, which, further, is often shown 
of little greater diameter than the funnel itself. In fact, under 
such circumstances, the release of oxygen is soon checked, be- 
cause the small quantity of carbon dioxide caught under the fun- 
nel is exhausted, and the way is almost closed to the accession of 
more. For success in this experiment one should keep the funnel 
well up from the bottom and should use either a large containing 
vessel with an abundant surface for the absorption of carbon 
dioxide, or better, should add that gas from a generator. Fur- 
ther, the gas released by water plants in this experiment, espe- 
cially when the plants are resting in winter and when no carbon 
dioxide is added to the water, is by no means all oxygen, but is 
frequently not rich enough in that gas to enflame the classical 
glowing splinter. 

We turn next to some erroneous experiments connected with 
the water stream through the plant. Of these the greatest relate 
to root pressure. There is much confusion between root-exuda- 
tion or bleeding and root-pressure, two very different phenomena. 
Almost universal is the recommendation for the determination of 
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pressure, of the use of open mercury gauges of several mm. 
diameters, which not only require a large amount of exudation 
to push the mercury up to any appreciable height, but also are of 
such proportions that only a fraction of an atmosphere can be 
registered before the water pushes past the mercury. I know 
the use of such gauges has the sanction of the highest authority, 
but they are bad, nevertheless. The method is fallacious 
for the reason that it ignores the fact that there is no relation 
whatever between the quantity of water given off and the pres- 
sure under which it is given off. Frequently the quantity given 
off is very small, though its pressure is high; and when, in such 
a case, a large gauge is used, the quantity is enough only to push 
the mercury a short distance, which would be taken to mean a 
very low pressure. It is for this reason that the open gauges 
nearly always give very low pressures, while in fact the pressures 
of even common greenhouse plants frequently equal or exceed an 
atmosphere. The remedy is to be found in the use of gauges so 
small in bore and length that the pressure is indicated by an in- 
appreciable quantity of water. For this purpose small closed 
gauges, in which the pressure is calculated by Mariotte’s law, are 
best, though open gauges may be used if of very small bore and 
provided with a mercury reservoir in the descending arm. Nor 
do I find it possible to fill the lower arm of a pot-hooked shaped 
gauge between mercury and plant with water, as the books glibly 
tell me to do, without use of a method too involved for ordinary 
use. The ignoring of the independence of quantity and intensity 
in pressures is seen also in the method sometimes recommended 
of measuring the swelling-power of seeds by making them press 
against a spring balance. It is only by elaborate preliminary 
experimentation and adjustment of the tension of the balance in 
correlation with the amount of swelling that this method can be 
made to give results anywhere near the truth. 

In connection with transpiration minor errors are current. 
One is too great faith in potometers, which in reality require 
careful adjustment of parts in construction and many precautions 
in use to give results of any value. Again that experiment in 
which a plant, or a membrane, affixed air tight to the top of a 
water-filled tube dipping into mercury at its bottom, shows a rise 
of the mercury as transpiration or evaporation proceeds is said 
to illustrate the lifting power of transpiration. If it is 
clearly understood that it is not the transpiration but the ex- 
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ternal atmospheric pressure which does the actual lifting, and 
moreover, that the physical conditions of the experiment, viz., 
atmospheric pressure on a free surface forcing liquid into a 
vacuum-forming tube, do not exist in connection with the living 
plant, then the experiment is accurate enough, though of little 
use in throwing any light upon actual processes in the plant. 
Among minor errors may be mentioned the assumption that the 
extinguishment of a candle inserted into a closed space means the 
presence of carbon dioxide, whereas it may mean this or it may 
mean the presence of any other neutral gas, or it may mean 
simply a deficiency of oxygen. Again it is sometimes said that 


by means of a flame the oxygen may be burned from a confined 


space and replaced wholly by carbon dioxide, and I know a book 
devoted to the chemistry of plants which gives supposedly experi- 
mental evidence in support of this error. In fact, an ordinary 
flame will not burn as a rule over about 3 per cent of the oxygen 
from a confined space before it goes out. 

It is plain that our physiological errors are due to a combina- 
tion of circumstances. As a rule they originate in somebody’s 
carelessness, perhaps in his recommendation of an experiment 
devised in the study arm-chair and never properly tested in the 
laboratory. Then they are perpetuated through our slavish 
reverence for authority, which has so great a grasp upon us that 
when we do seriously test an experiment we usually feel bound to 
make the result come right; and we even blame ourselves, and 
not the original author (and much less the phenomena of Na- 
ture), when these results fail to come as advertised. Besides we 
are usually perfectly satisfied when a result comes according to 
expectation, never stopping to ask whether that result may not be 
only accidentally and not logically correct,—something which 
would never be possible if we but employed in demonstration the 
same critical-control spirit we always use in an investigation. 
Then, too, we have acquired the makeshift habit (when we should 
have the efficiency habit), to such a degree that many of us 
actually prefer an inefficient thing improvised in the laboratory 
to an efficient one already properly made; and we often go to 
more trouble and expense to obtain materials to clumsily home- 
make something than would be required to obtain it in efficient 
form by purchase. It should be remembered that while the im- 
provisation of physiological appliances from odds and ends does 
inculcate ingenuity and manual dexterity, these are not the ends 
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of botanical study; and I believe that observation must show 
others, as it has shown me, that the student's time and energy are 
usually so completely absorbed by the difficulties of constructing 
the apparatus and making it work that he has little of either 
remaining for the study of the phenomena of the plant. I believe, 
too, that we commonly attempt too many experiments, and fur- 
ther, that we tend to select them for their practicability, perhaps 
even for their showiness, rather than for their physiological im- 
portance. 

The first step is to know our deficiencies; the second is to correct 
them. First of all we should cut loose from authority and examine 
every experiment in our elementary books with the same critical 
and control methods that we would apply to an investigation, and 
we should always use those control methods in presenting them 
to our classes. Then we should abandon the attempt to impro- 
vise or home-make all our apparatus, doing only enough of this 
to give the students some training in manipulation. We should 
purchase efficient instruments whenever possible, precisely as is 
done in chemistry and physics, gradually, as there, accumulating 
a permanent laboratory supply. And whenever home-made ap- 
paratus is constructed we should insist that it be done in a work- - 
manlike manner, with greater mechanical neatness and exactness 
than now usually prevails. Then we should concentrate upon 
the experiments illustrating the more fundamental topics, and 
treat them fully and logically. Under all circumstances we 
should insist that every experiment be performed with cleanli- 
ness, neatness, mechanical exactness, even a kind of artistic atten- 
tion to details, such as reflects the spirit of genuine scientific in- 
quiry. It is only by such reforms that the scientific spirit can be 
trained and plant physiology made a factor of value in education. 


The Production of Sulphuric Acid is one of the most important 
chemical industries. The following are the producing countries in the 
order of their output: 


ace 880,000 tons per annum. 
United States, ........... .. 870,000 tons per annum. 
500,000 tons per annum. 
200,000 tons per annum. 
. 200,000 tons per annum. 


The production of other countries is insignificant.—Revue de Chimie 
Industrielle. 
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ON SCIENCE TEACHING. VI. 


By C. R, Mann, 
Ryerson Laboratory, University of Chicago. 


In this last article of this series it is proposed to consider some 
of the ideas that bear on our selection of the method of presen- 
tation. It will be found that here our greatest opportunity lies, 
since good teachers differ from poor ones mainly in respect to 
the way in which their subject is presented. 

Several failures in our present method of presentation have 
been noted recently; in particular it has been pointed out that 
the treatment is too little in touch with the daily life of the stu- 
dent. This weakness is closely allied with that of being too 
theoretical and abstract and not sufficiently practical. One of 
the remedies that have been proposed for this is the frequent 
use of well-known phenomena and machines in the discussions. 
While this is certainly a good idea, there is also another point 
which should not be neglected. This is the fact that the atten- 
tion of the student is generally not directed with sufficient power 
to the abstracting process of science, and hence he loses faith in 
science when he goes to apply her precepts and finds that in most 
practical cases they do not correspond to the real thing. This 
results because he is not made to realize that natural phenomena 
are too complex to yield to scientific treatment, unless we neglect 
those disturbing factors which cannot be reduced to order. 

An example may help to make this clear. The student learns 
from a geometrical diagram that the force that is able to pull 
an object up an inclined plane is determined by the product of the 
weight of the object and the sine of the angle of inclination. We 
teachers all know perfectly well that this is not so—we know that 
this result is a pure abstraction, and that, in any actual case, the 
required force is always greater. We cannot even tell before- 
hand by how much the actual required force will exceed the 
theoretical one except by experiment in the actual case in ques- 
tion. This sort of thing always shakes the faith of the beginner. 
Why not state our inclined plane law as an inequality? What we 
actually prove is that the required force cannot be less than mg 
sin a. Hence our first point is that the current presentation of 
science is weak on the side of the practical in two distinct ways: 
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1. It does not make enough use of general experience as dis- 
tinguished from laboratory experiment; and 2, by a process of 
abstraction we obtain equations which in practice are not strictly 
true, and we do not direct the attention of the student with suf- 
ficient clearness to this fact. 

But there are other and more fundamental failings in our cur- 
rent methods of presenting science. These will perhaps appear 
most conspicuously if we consider our teaching from the point 
of view of the history of science, We are often urged to use the 
historical order in presentation; but experience seems to show 
that this idea cannot be followed too slavishly, although it is 
excellent in large general outlines. History, however, teaches 
us more than mere order of succession, and so we shall turn to 
what seem to be-her real lessons. This is all the more important 
because they do not seem to be either understood or heeded at 
present. Yet they are apparent enough if we draw a parallel 
between the services of science in the development of civili- 
zation and her duty to the individual man in his growth. We 
shall divide the consideration of these services into two parts, 
and take up first the external and then the inner benefits which 
they have wrought for mankind. 

The external results of science are so prominent in our daily 
life now that we cannot look about us anywhere without seeing 
some of them. Furthermore, we are dependent every instant of 
our lives on science for our personal safety. What if our houses 
were not well constructed? And how do we know that the 
bridge will support our train? Everything about our dwellings. 
from the electric lights to the cement floor in the basement, owes 
its perfection to science. The labors of science have rendered 
us at one with the world—at least externally—for our newspapers 
keep us hourly informed of all important transactions that are 
taking place anywhere on the earth. Yes, truly, we live in a 
scientific age, since everything about us, excepting our own 
persons (mirabile dictu), bears the thumb marks of science. 

Now if science has been and is of such tremendous importance 
in the life of civilization, and if there is an analogy between civ- 
ilization and the individual, why does not science play an equally 
important part in the schooling of the growing man? Look at 
the requirements for college graduation and you will find that 
most students become bachelors after having devoted less than 
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one-tenth of their total study time from the kindergarten on to 
science including mathematics. How can such as these ever 
hope to catch up with the civilization about them? And what 
excuse have the schools for branding as educated such semi- 
civilized beings? Such questions as these must occur to everyone 
who considers carefully the present educational situation in the 
light of the relations between the individual and his civilization. 

But if we examine in this connection the statistics of the schools 
and note how science is avoided when there is free election, we 
must conclude that the fault lies with the science instruction 
rather than with the schools. For science seems to glory only 
in its achievements and results, and this all-too-prevalent idea 
of the service of science to humanity is—alas!—being used as 
an ideal for science in education. According to it, every child 
must be taught to comprehend only the external details of his 
scientific environment and to know the principles on which steam 
engines, dynamos, telephones, etc., work. If he does not know at 
least enough about these scientific surroundings of his to be 
able to read the daily papers intelligently, science has missed its 


mark—so they tell us—as an educative factor in his life. While 


this is true as far as it goes, is it all? Has science no other 
mark which has been missed, even though the one just mentioned 
has been hit? . 

Perhaps another will appear on further consideration. Is 
there any one element which appears prominently in everything 
that science does? When men first began to trade and to expand 
their physical and mental horizons, who but science taught them 
how to so improve their vessels that they could cross the seas? 
And when trade increased and population extended over the 
greater part of the globe, who but science showed them how to 
build steamships so that greater returns were obtained for the 
same output of energy? 

When health is considered, has it not been characteristic of 
science to show us how to improve methods of life, so that we 
now understand the requirements of healthy living both as indi- 
viduals and as communities? So that again we may recognize 
it as the function of science to develop better methods anc pro- 
cesses, and to teach us how to use them. 

In the field. of agriculture the same thing is true. For here 
too we note the scientific study of this subject has gradually 
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developed better methods of farming, so that we obtain larger 
crops from the same amount of labor; not to mention the re- 
claiming of tracts of land which were formerly considered as 
hopelessly barren. These results also have been attained not 
so much by applying to the problem the results of scientific work, 
as by attacking it by the methods invariably used by science, and 
in which her essential power lies. 

Hence when we consider the progress of civilization from the 
material side only, we must conclude that the service of science 
consists primarily in furnishing better methods and processes, 
which lead to the results attained, rather than in merely getting 
the results. The methods and processes are the causes of the 
results, and hence they are the more fundamental. So if we would 
render science more vital and make it a greater power in educa- 
tion on the external, material side only, we must pay heed to 
the methods of science rather than to its results. 

And this means that we must forsake that definition of science 
which states that it is classified or organized knowledge. For 
these terms are in the past tense, and they carry with them the 
idea that the work of science is in the past, and that it is only 
with the results of that work that we have to deal. These defi- 
nitions make of science a large museum of classified and organ- 
ized facts, carefully arranged in glass cases each of which bears 
prominently the inscription “Hands Off.” The student is in- 
vited to inspect our collection, and to learn the names and order 
of our well-arranged curios; but he is not as a rule asked to 
take part in their organization, nor is he even given a chance to 
find out what the methods and processes of such organization are. 

This acceptance of the results of scientific work as constitu- 
ting science is surely one of our grievous faults. For science 
is not classified knowledge—a completed thing; but rather classi- 
fication or organization of knowledge—an active process. There- 
fore, if we wish to rescue science from its present decadent con- 
dition, one of the first steps seems to be the recognition of this 
distinction. And it is just as easy to present science to students 
from one standpoint as from the other. We have only to arrange 
the material so that each fact appears as a step in the process 
of obtaining a more general result, instead of presenting it as a 
separate and distinct result by itself. Then science rs as an 
organizing process rather than as an organized res From the 
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point of view of the learner this change is all-important: for 
he then acquires from his study organizing power instead of 
memory drill.—and it is primarily this organizing power. of sci- 
ence which has made it a faithful servant of civilization. Thus 
science can best serve the individual if it follows a similar course 
in his case also. 

But science has done more for civilization than to furnish it 
with better methods and processes of utilizing the forces of Na- 
ture for the physical comfort of men. It has played, and is even 
now playing, an even more important part in their intellectual 
and spiritual life. Perhaps the first point that strikes us when 
we take up this difficult question is that the worldly achievements 
of science have little or no bearing on man’s intellectual and 
moral advancement. This idea is so firmly rooted in the minds 
of some of our best educators, that they go so far as to claim 
that we of today are intellectually and morally inferior to the 
Romans of the Augustinian age. It is true, they say, that we 
have greater physical comfort, but this is but dross; the real life 
is within, and there we have gone backward. Our scientific 
attainments have hampered rather than fostered our spiritual 
growth, for we have come to glory in external achievement 
rather than in inner excellence. 

The fact that such opinions as this, ungrounded though they 
really are, exist, must be placed to the discredit of science as an 
educative factor. Those who have studied science far enough 
to realize wherein her great excellence lies will readily see the 
reasons for her failure here. But the great majority of people 
study only the elements of the subject, if they study it at all; 
and the elements are presented without any regard for the great- 
est of science’s services to humanity, namely these very intellec- 
tual and spiritual ones. 

If we would comprehend what science means in the intellec- 
tual and spiritual growth of civilization, we must first recog- 
nize the fact that science has not been imposed on us from with- 
out. It is not a vast system of organized material which stands 
apart from us to be recognized or not as we may see fit. Science 
is a product of the human mind. It has developed gradually 
with civilization and owes its origin and growth to the insatiable 
hunger of the human heart for unity—truth, some prefer to call 
it. In its efforts to satisfy this hunger science has been devel- 


308 SCHOOL SCIENCE AND MATHEMATICS 


oped—not a body of knowledge organized and mummified— 
but a power of organization; for, as has been shown, science 
consists today essentially of such methods and processes as have 
been found, by a long process of trial and improvement, to be 
competent to lead to results that more nearly satisfy our hunger 
for unity than do those otherwise obtained. 

In this process of development of science, a number of intel- 
lectual and spiritual traits have been proved to be essential to 
success. Prominent among these is open-mindedness. No one 
can be said to have acquired even the elements of the scientific 
organizing power who has not this characteristic well developed. 
Yet does elementary instruction in science tend to emphasize 
this point?’ Consider the elementary texts of physics, for ex- 
ample. Do any of them allow the student to think that any inter- 
pretation of natural phenonema is possible save that in the book? 
Are they not all as dogmatic as any religious creed that ever 
was invented? And yet this glaring violation of one of the most 
prominent of science’s virtues is not in the least necessary ; since 
it is just as easy to show the student that several opinions are pos- 
sible, but that the one at present accepted by scientists is so be- 
cause it seems the simplest and most satisfactory in the light of 
our present knowledge. 

Closely allied with this open-mindedness is the recognition 
of the freedom of the personal judgment. This is one of the 
most valuable characteristics of science, for without it progress 
would be slow. And hand in hand with this goes tolerance, or 
respect for others when they exercise their’ personal judgments 
freely. Yet in elementary science the poor child is seldom 
given a chance to use his personal judgment—much less is he 
trained to use it freely, Small wonder then if even great scien- 
tists show streaks of marked intolerance. 

Humility and reverence are also characteristic of the true 
science. And yet science in education not only does not foster 
these traits, but generally develops their direct opposites, so 
that we hear much ranting about the greatness of science and 
of her deeds. Many other noble human qualities which have been 
developed through science into powerful factors in civilization, 
but which do not appear even implicitly in the science of the 
schools, might be mentioned; such as justice, the conception of 
true freedom as harmony with law, and the ability to see things 
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in perspective, or the relating power. But enough has probably 
been said to show how science in education has nearly if not ne- 
tirely ignored them all. In so doing she has failed to do for the 
individual what she has done for the race. If science were com- 
pletely to fulfill her mission to the individual, many of our most 
perplexing political, social, and economic problems would no 
longer exist. 

Such are a few of the reflections that must occur to every 
one who surveys science in education from the point of view of 
science in civilization. And as we ponder them, can we wonder 
that our youth turn from science without regret? What do we 
offer them of the many good things we might lay before them? 
When humanity has shown itself capable of developing this pow- 
erful organizing process for the purpose of satisfying its hunger 
for unity, how do we science teachers dare to go on feeding to 
the children nothing but husks? Surely it is because of our 
ignorance. Yet is it not about time that we waked up to our 
possibilities? The coveted results lie within the reach of every 
one of us. We need no new laboratories, no new apparatus, no 
new equipment for the work. All that we need is a new method 
of presentation, and this every one of us has it within his power 
to acquire. We have our guide and model in the service of 
science to civilization, why wait longer to begin? 


Use of Diamonds in the Industries was the topic of a paper ab- 
stracted in a recent number of the Scientific American supplement. 
Besides the familiar uses of steel drills and saws and of cast-iron discs 
charged with diamond dust for cutting and polishing diamonds and 
other hard gems, of carbon drills, and of saws for hard stones, etc., 
the writer notes several other appliances. 

Among them are the uses of diamonds by lithographers, engravers, 
und scale makers for extremely fine lines requiring great accuracy and 
sharpness, for which no other material is found adequate; for drilling 
glass and porcelain; in dentistry for drilling teeth, especially artificial 
ones; for bearings in watches; and particularly for bearings in electric 
meters, where they cause a minimum of friction and last for many 
years; and draw plates for wire making. 

Diamonds can be electroplated like metals, and this property is 
made use of in their galvano-plastic setting. The diamond to be set 
for a tool is first plated, and then metal can be cast around it, which 
alloys with the plating and gives a perfectly firm, solid mounting. 
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A GOOD LABORATORY EXPERIMENT FOR ELEMENTARY 
COURSES UPON ‘‘THE MECHANICAL EQUIVA- 
LENT OF HEAT.’’ 


By R. A. MILLIKAN, 
University of Chicago. 


ScHooLt SCIENCE AND MATHEMATICs has requested me to fur- 
nish its readers with a description of one or two of the more 
unusual experiments which have been for four or five years in the 
list of laboratory exercises which has been developed in connec- 
tion with the elementary work in the University of Chicago, in the 
university high school and in a considerable number of other 
secondary schools. The first of these experiments the description 
of which is asked is one on the Mechanical Equivalent of Heat. 
As we give it the experiment is neither new, nor original with the 
author, nevertheless a description is perhaps worth while in order 
that the attention of teachers unfamiliar with it may be called to 
its merits. ‘ 

I think I am not overstating the case in saying that there is 
no physical constant of which it is more important to give the 
beginning student a clear conception, than the “Mechanical 
Equivalent of Heat ;” for upon this depends his comprehension 
of the principle of the conservation of energy. 

The reason that a laboratory experiment upon this constant 
does not find place in most elementary courses is undoubtedly 
that the usual friction apparatus with which the principle is illus- 
trated has the disadvantage of being expensive, troublesome, 
and inaccurate. The following method of determining the con- 
stant has the advantages (1) of illustrating the principle in the 
most direct, interesting and comprehensible fashion imaginable, 
(2) of costing almost nothing, (3) of giving no trouble however 
large the class, (4) of furnishing results which, though not of a 
high order of accuracy, are about as good as those given by the 
more expensive and elaborate appliances. The directions for the 
experiment with which we furnish our pupils are as follows: 

“Pour about 2 kilograms of dry shot into a metal vessel and set 
it in a bath of ice water till its temperature is 5 or 6 degrees be- 
low that of the room. 

“Pour this shot into a paper tube about a meter long and 5 or 
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6 cm. in diameter, made by rolling up a large number of turns 
of heavy brown paper and then securing with glue and string. 
The tube should be closed with two tightly fitting corks.* 

“Mix the shot thoroughly by shaking the tube and also by slowly 
inclining it so that the shot will run from end to end. In so 

doing, however, grasp the tube 

H near the middle, rather than at 

A the ends, for it is desirable that 

the temperature of the ends be 

not influenced by the heat of 
the hands. 

“After inverting in this way 
from 5 to 10 times, remove one 
of the corks and insert in its 
place another cork, through 
which passes a_ thermometer, 
then gradually incline the tube till all the shot has run down to 
the thermometer end and there completely surrounds the bulb. 

“Holding the tube inclined so that the thermometer end is 
slightly the lower of the two, twist the thermometer about in the 
shot for about two minutes, then take the temperature. If this is 
more than 2 or 3 degrees below the temperature of the room, 
continue the shaking and rolling of the shot from one end to the 
other till its temperature has risen to within about three degrees 
Centigrade of the room temperature. 

“Record this temperature, quickly replace the cork which con- 
tains the thermometer by the original cork which it replaced, hold 
the tube upright with one end resting upon the table, and turn 
it completely over 100 times in rapid succession, placing the 
lower end on the table at each reversal, so that the falling shot 
may not force out the corks. At each reversal the potential 
energy acquired by the shot in being lifted the length of the 
tube is converted into kinetic energy in the descent, and this 
kinetic energy is all transformed into heat energy at the bottom. 
On account of the poor conductivity of the cork and paper, prac- 
tically all of this heat goes into the shot and but an insignificant 
portion of it into the corks and tube. 

“After the 100 reversals, very quickly replace one of the corks 


*Special non-conducting paper tubes of this sort can be had of Wm. Gaertner, 5347 Lake 
Avenue, Chicago, II1., at a cost of 60 cents each. 
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by the cork which contains the thermometer and take as before 
the final temperature of the shot. 

“Remove one of the corks, set the tube on end and measure 
the distance from the top of the shot to the position which was ‘ ' 
occupied by the bottom of the upper cork. This is the mean 
height through which the shot has fallen at each reversal. 

“The total quantity of work in grammeters which has been 
transformed into heat is the weight W of the shot * the height of 
fall h (expressed in meters) X 100. The number of calories 
of heat developed is the weight W of the shot X its specific heat 
(0.0315) X the rise in temperature (t, — t,). Hence if J rep- 
resent the number of grammeters of energy in a calorie, we have: 

J.W x (t, —t,) * 0.0315 = 100.W.h | 

100h 

(t, — t,)* 0.0315 

“Tt will be setlced that the weight W of the shot cancels out ; 
hence it need not be taken.” 

In the above directions the attempt is made to eliminate radi- 
ation and conduction losses by making the initial temperature 
of the shot about as far below the temperature of the room as 
the final temperature is to be above it. Without this precaution 
good results cannot be obtained. 

The following is about an average set of observations: 


1st trial 2d trial 3d trial 


Temperature of room = —_118.5°C. 18.5 18.5 
Initial temperature =  16.0°C. 17.1 16.7 
Final temperature = 21.7°C. 22.6 21.0 
Number of reversals = 100 100 100 
Height of fall (h) = -76 m. -76 -76 
*, Mechanical equiv. = 423 m. 439 449 


Mean value = 437 g.m. Accepted value = 427 g. m. Per cent 
error = 2.4. 
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TROPICAL FRUITS. 


By Met T. Cook. 
Chief of the Division of Vegetable Pathology of the Cuban 
Agricultural Experiment Station. 


XII.—Papaw. 


THE TROPICAL PAPAW. 


5 
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This is quite different from our northern Papaw and in fact 
does not belong to the same family. It belongs to the family 
Passifloraceae and the most common species is Carica papaya. It 
is commonly known as papaw, payaya, melon zapote, and fruta 
de bomba. 

The tree is from 10 to 20 feet in height and without branches. 
Near the top are several whorls of very large palmately lobed 
leaves, among which are several whorls of fruit. The fruit 
varies in size in the different species, is of a yellow color and 
somewhat resemble a musk melon, except that they are very 
sweet. It contains a large number of small seeds. It is exten- 
sively used for preserves and also to some extent in medicine as 
a vermifuge and as a vegetable pepsin. 

Some other of the tropical species of this family also produce 
edible fruits. It is a family well worthy of a careful study. 


XIII.—Cocco.oBa UVIFERA. 


This is a very large tree growing near the sea and producing 
a dark blue grape-like fruit. It is commonly known as the sea 
grape (uva del mar) and the coast grape (uva del costa). In 
Jamaica it is also known as “pigeon wood,” where it is considered 


TAMARINDO 
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an excellent cabinet-making wood. The fruit has a very pleasant 
flavor, but up to the present time it has not been considered of 
much value, even on the local markets. 


XIV.—TAMARINDO. 


This is a very fine tree belonging to the family Leguminoseae 
and is known in botany as Tamarindus indica. The seeds are 
produced in a brown, brittle, fleshy, edible, bean-like pod which 
has a sour taste and is extensively used in the preparation of cool- 
ing acid drinks. It is imported into Europe and America either 
dried or preserved in syrup. It is said to have many medicinal 
properties and is well worthy of a very careful study. The wood 
is used for building and is said to produce an excellent charcoal 
for the manufacture of gunpowder. 

With this paper I close the series of articles on tropical fruits 
and thank those who have been patient enough to give them a 
hearing. 


DEPARTMENT OF METROLOGY. NOTES. 


Tue Merer IN New ZeEALAND—A Correction.—Our October, 1905, 
issue contained a statement that the governor of New Zealand had 
promulgated a decree declaring the metric system of weights and nieas- 
ures the only legal one for use from January 1, 1906. Although this 
item was taken from Science—a usually accurate source—it seems to 
have been premature. The governor has legal authority to issue at 
any time such a proclamation, to go into effect in six months from 
issuance, but it appears he has not yet done so. R. P. W. 


Metric Prospects IN ENGLAND.—Encouraging reports come from 
England in regard to the passage of a metric bill. It was feared 
that the overturn of the old Parliament would nullify the efforts for 
metric reform. So far from this being the case our information is 
that the new Parliament is, for the purpose of such reform, “the 
best which we have ever had, or are likely to have.” Parliament is 
being canvassed so as to ascertain the exact standing of every mem- 
ber on this question. It begins to look as though the twentieth cen- 
tury would not be very old before the two great English speaking na- 
tions would fall into line with the rest of the civilized world. Let 
every man do his duty and lend a hand in this great reform. 

B. W. 
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A CIGAR BOX SONOMETER. 


By Lynn B. McMuLLEN, 
Shortridge High School, Indianapolis. 


This article is written (1) for those teachers who are without 
a sonometer of any kind, (2) for those who have not enough to 
go around and (3) for those who are still using the horizontal 
form. In presenting this ridiculously simple piece of apparatus 
I do not wish.to be understood as standing for makeshift, home- 
made apparatus as against well planned, shopmade goods. But I 
do stand for simple apparatus as against none and I do believe 
that in improving our physics teaching we need to begin with the 
apparatus. No matter how good the teacher may be he is se- 
riously handicapped in a poorly equipped laboratory. Further, I 
believe that in starting to equip a laboratory in a community lack- 
ing in funds much of the apparatus required for a course of at 
least forty good experiments can be made by the students them- 
selves. 

I would suggest, then, that this article be put into the hands of 
the students and that the sonometer be made by them. 


MATERIALS REQUIRED. 


The materials required are a large cigar box at least 13x25 cm. 
(if storing room is plenty a larger box of any thin wood will do 
better), some strips of tin, some heavy cloth (canvas), 4 E man- 
dolin strings, 1 B guitar string, a string of number 26 spring brass 
wire and 9 kg. of iron slugs, nails, lead scraps or even sand. 


CONSTRUCTION. 


Cut a strip of tin 1 cm. wide and almost as long as the box is 
wide. Draw a line lengthwise of the tin at its center and bend 
at right angles along the line. Tack the stationary bridge so made 
at the top of the back of the box as shown in Fig. 1. To make the 
movable bridges cut four strips of tin 1 cm. wide and 4 cm. long. 
Bend as shown in Fig. 2. For the weights make 7 bags each 
1oxi12cm. Fill 6 with iron until each weighs 1 kg. and fill 1 until 
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it weighs .5 kg. Sew each up tight. Make two bags 10x18 cm. 


‘6 


Showing the sonomeker 


arranged fer first ise 


DATA. 


Using a sonometer made in this way the following data was 
obtained, which data, it is fair to say, is not as good as my stu- 
dents obtain using a larger box. The first two exercises can 
well be performed individually by the pupils. The last three are 


and weight to 1 kg. leaving the 
upper third empty so_ that 
weights may be added as re- 
quired. Put a large hook on the 
top of each bag and an eye on 
the bottom. (If sand is used the 
bags must be much _ longer.) 
Drive four brads into the top of 
the box, as shown, and fasten to 
each an E mandolin string. Fas- 
ten also to one of the center 
brads the B guitar string and to 
the other the string of brass. 
Drive a brad in each side of 
the top and put on a bail by 
means of which the sonometer 
may be hung up. If a finish is 
desired a coat of dead black 
Jap-a-lac is easily applied. The 
ingenious student will be able to 
improve upon this construction 
considerably for I have endeav- 
ored to use only those materials 
which may be had for the 
asking. 


well adapted for class exercises. 


THE LAW OF LENGTH. 


The four mandolin strings are used each under a tension of 1 kg. 
Holes in Assumed Vibration Length 


Note Siren* Number (N) (L NxL 
24 256 21.6 553 
Mi 30 320 17.3 554 
Sol 36 384 14.6 560 
Do’ 48 512 10.8 553 


*If the school has no siren one is easily made by punching the required number of holes 
in a piece of tin, and from it the vibration ratios of the major chord may be obtained. 
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THE LAW OF TENSION. 
The mandolin strings are used in this exercise also, their lengths 
being constant. 


Note Tension N+ T 
Do 256 1000 g. 31.6 8.1 
Mi 320 1624 40.3 7.9 
Sol ; 384 2294 47.9 8.0 
Do’ Broken string. 
THE LAW OF DIAMETER. 
E Mandolin B Guitar B Guitar of same 
Strin String Length as E Mandolin 
Length, 21. 6.1 21.6 
Diameter, .0225 .0306 -0306 
Tension, 1000 1000 1000 
Density, 7.81 7.81 7.81 
“pr 384 384 286 
DX wN 86 87 


“N” In the iast column is obtained from the preceding column by 


calculation, using the law of length. 
THE LAW OF DENSITY. 
Brass of Same Length 


B Guitar Brass and Diameter 
Length, J 14.3 
Diameter, -0306 .0306 
Tension, 1000 1000 1000 
Density, 7.81 8.70 8.70 
VD 2.79 2.95 2.95 
on 290 290 287 
81 84 


“N” in the last column is obtained by calculation using the laws of 
length and diameter. 
THE SPEED SOUND IN IRON. 


Length of wave in iron, .............-..eceeeees 287 
Length of string in unison with pipe, ............ 6.7 
Length of string in unison with fork (512)...... 23.3 
Vibration number of pipe, .............0.eeeeees 1780 


Speed of sound at temperature of room 5108 m. per sec. 


*A piece of gas pipe was clamped in a vise and stroked with a 
piece of resined leather. 
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PROBLEM DEPARTMENT. 
Proressor Ira M. DeLone, 
University of Colorado, Boulder, Colo. 


Readers of the Magazine are invited to send solutions of the problems 
sm this department and also to propose problems in which they are in- 
terested. Solutions and problems will be duly credited to the author. 
Address all communications to Ira M. DeLong, Boulder, Colo. 


ALGEBRA. 

8. How many committees of 5 men each can be selected from a body 
of 10 men, three of whom can serve as chairman but can serve in no other 
capacity? 

Solution by I. L. Winckler, Cleveland, Ohio. 

The number of committees of which the three given men are chairmen 
is 3 C,, , = 405. The number on which the three do not serve is 5 C,, , = 
105. The sum of these is 210. If a difference in the chairman does not 


make a new committee, the number is 3 C,, , + C;, , = 126. 
Solved by E. L. Brown with the result 126, by A. Darnell with the 


result 105, by B. Watson with the results 105, 126. 


g. Of what quadratic equation is the following a root? Express the 
continued fraction as a surd. 
I I I I 
i+ 
Solution by Albertus Darnell, Detroit, Mich. 
Let x = the continued fraction. 


2= 2+ 1+ (x—2) 
or 2x? — 6x + 3 = 0, the required equation. 


3+ V 3- 


The roots of this equation are “ 


The given fraction equals the quadratic surd sty 3. 


Also solved by Eleanora Harris, BE. L. Brown, G. B. Grumbine, I. 
L. Winckler. 

10. Ifa, b, c,d forma geometric progression, show that 

(a d)* = (b—c)* + (c-a)* + (d—-b)?*. 

Solution by P. G. Agnew, Washington, D. C. 

We have} = = or = ac, ad = be, = bd. Substituting 
these values in (b — c)? + (d — b)® = a? — 2 (—b® + be — ce? + ac + bd) 
+ d there results a? —2(— ac + ad — bd +ac +bd) +d* = (a—d/*. 

Also solved by I. L. Winckler, Eleanora Harris, R. S. Beardsley, A. 
Darnell, E. L. Brown, Sadie H. Nelson, B. Watson. 

A solution of Algebra No. 1 was received from F. C. Thompson too 
late for crediting in the March issue. 
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GEOMETRY. 


6. If from the angle A of any parallelogram any line be drawn cut- 
ting the diagonal in P and the sides BC, CD in Q and R, show that 


8 
AP =PQ x PR. 
Solution by A. W. Massey B.A., Morrisburg, Ontario. 


The triangles APD and BPQ being similar, 50 =P 
The triangles DPR and APB being similar, 53 = ap 


Hence and therefore AP = PQXPR. 

Also solved by Ella M. Briggs, W. D: Higdon, T. H. Hildebrandt, P. 
S. Berg, J. B. Merrill, E. L. Brown, R. S. Pond, Emma Hyde, Pearl 
Colby Miller, J. Alexander Clarke, I. L. Winckler, Carl Ackermann, 
G. B. Grumbine, L. J. Hopkins, C. A. Peabody, Louise Nicholson, H. C. 
Whitaker, H. H. Seidell, J. B. G. Welch. 


10a. In a given circle inscribe a triangle two of whose sides shall pass 
through given points and whose third side shall be parallel to a given line. 


Solution by I. L. Winekler, Cleveland, Ohio. 
Let A and B be the given points and XY the given line. Draw 
AE tangent to the circle and take AD on AB so that AB: AE = 
AE: AD.  Inscribe in the circle an 
4 angle FGH = to the known angle be- 
tween XY and AB. From D draw a 
tangent DK to the circle, drawn with 
the center of the given circle as a cen- 
ter and tangent to chord FH. Let 
DK cut the given circle at P. Draw 
AP and produce to meet the circle 
again at R. Draw RB cutting the 
given circle at Q, and join PQ. 
Then PQR is the required triangle. 
For AR: AE = AE: AP 
and AB: AE = AE: AD by construc- 
tion. 


.. AR: AB = AD: AP 

... APD is similar to 4 ARB 

.. 2 ADP = Z ARB 

But 4 PKQ = Z ARB (in same segment) 

.. Z ADP = Z PKQ and KQ is parallel to AB. 

Chord PK = chord FH. .*. 4 PQK = 2 between AB and XY. 

.*. PQ is parallel to XY. .*. PQK is the required triangle. 

FE. L. Brown demonstrated that this problem depends upon the 
following: Through a given point draw a secant (or chord) of a fixed 
circle so that the intercept may subtend a given angle at any point 
of the circumference. 
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11. Proposed by W. D. Higdon, St. Louis, Mo. 


From a point O in an equilateral triangle ABC the distances to the 
vertices were measured and found to be OB = 20, OA = 28, OC = 31; 
find the area of the triangle and the length of the sides. 


Solution by EB. L. Brown, M. A., Denver, Colo. 


Draw OP, OQ, OR, perpendicular to BC, CA, AB, respectively. 
Join PQ, QR, RP. 
The quadrilaterals BPOR, CQOP, AROQ, are cyclic. 
Hence, PR = OB sin B = 10 yp 3. 
Similarly, PQ = 15.5 7/3, and QR = 14/3. 
We now easily find angle PRQ = 78° 30’ 54”. 
Angle AOB = ACB + CAO + CBO. 
ACB + QRO + PRO. 
ACB + PRQ. 
138° 30° 54”. 
In triangle AOB we have two sides and included angle, from which 
we find : 
AB = 44.98. 
and area of ABC = 876.045. 
Also solved by I. L. Winckler. 


TRIGONOMETRY. 
7. Prove that sinx+siny+sin sin**+2 +sin(x+y+z) 


Solution by Albertus Darnell, Detroit, Mich. 


x+v 
sin x + sin y + sin z — sin (x+y+z) = 2sin~— cos” —2 cos 
. £49 x x+y+2z xt 


[2 sin ~— 2 | Therefore, by transposing sin'x+y+-z) we have 


the required result. 

Also solved by I. L. Winckler, Pearl Colby Miller, E. L. Brown, 
Emma Hyde, Eleanora Harris, P. 8S. Berg, G. B. Grumbine, John Stuff, 
H. C. Whitaker. 


A solution of Trigonometry No. 3 was received from H. E. Cobb too 
late for crediting in the February number. 


MISCELLANEOUS. 


1. It is shown in Analytic Geometry that x,x + y,y = r’, is the eqa- 
tion of the polar of the point (x,y, ) with respect to the circle x? + y® =r*. 
Furnish various proofs, giving references for those that have already been 
published. 

1. Solution by BE. L. Brown, M.A., Denver, Colo. 


When the point B (x, y,) lies within (or without) the circle. 
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Let the point C (x, y,) be the inverse of B. Through C draw KL per- 


” pendicular to OC. KL is the polar of B. 


If OB = d, then will OC = . 
2 
Now = Also 
d 


Therefore, x, = ng and y, 


Equation of KL is 
x; 
xX Xy 
Or + = + 
Substituting for x, and y, their values as derived above, we have 


xX, + = 
b) When the point B (x,y,) lies without -he circle. 
Equation of circle with center B and T L 
radius t is 
ix—x,)* + ly — y,)? = = x,2+ y,? — 
or x* + y*® —2x, .. (1) 
Equation of given circle is A 
'2) 


Subtracting (1) from (2) and dividing 
by 2, we obtain, 
X,x+y,y =r. 
This is the equation of the common chord of the two circles, which 
is the polar of B. 
(See Holzmiiller’s Elementar-Mathematik II, Page 99.) 


II. Solution by H. E. Cobb, Charlottenburg, Germany. 


The following is copied from Cranz’s Lehrbuch der Anal. Geom. d. 
Ebene. 

“By the polar of a point with respect to a circle one understands 
the line joining the points of tangency of the tangents to the circle 
from the given point. This line is by a preceding article always real, 
although the tangents and therefore the point of tangency may be im- 
aginary 

“Derivation. The equation of the tangent at the point (x, y,) on 
the circle is in the running co-ordinates (x, y) x,x+y,y=r. If 
one considers (x, y) as the co-ordinates of a fixed point, then this equa- 
tion expresses a condition between the co-ordinates (x, y,) of the point 
of tangency; since this condition is of the first degree it represents 
a straight line—the polar. Its equation is therefore x, x+y, y = 1°,” 
where the subscripts are now attached to the co-ordinates of the fixed 


external point. 
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The following solutions were received too late for crediting in the 
February issue: H. E. Cobb, Nos. 1, 2, of October and No. 6 of Novem- 
ber; I. L. Winckler, Nos. 1, 2 of December; P. F. Gaehr, Nos. 4, 5, 6 
of November. 


PROBLEMS FOR SOLUTION. 


ALGEBRA. 

17. Bacchus caught Silenus asleep by the side of a full cask, and 
seized the opportunity of drinking, which he continued for two thirds 
of the time in which Silenus would have emptied the full cask. After 
that Silenus awoke and drank what Bacchus left. Had they both 
drunk together the cask would have been emptied two hours sooner, 
and Bacchus would have drunk only half what he left Silenus. Re- 
quired the time in which each could empty the cask separately. 

18, Proposed by H. C. Whitaker, Ph. D., Philadelphia, Pa. 

A board of uniform thickness is a feet wide at the narrow end 
and Db feet wide at the broad end. It is desired to cut off one nth of 
the board by a cut parallel to the two ends. How far from the 
narrow end must the cut be made and what will be the length of 
the cut? 

GEOMETRY. 

19. Proposed by P. F. Gaehr, Ithaca, N. Y. 

Construct an equilateral triangle whose vertices shall be on three 
given parallel lines. 

20. Proposed by W. D. Higdon, St. Louis, Mo. 

The chord of a segment is 10 feet and the radius is 16 feet. Find 
the area of the segment. 

TRIGONOMETRY. 
21. Given cos 40 = —'s; find the general value of 9. 


SuGGESTIONS TO Pros_emM SOoLveRs. 


1. Write legibly, being specially particular as to proper names. 

2. Write on one side of the paper only, reserving at the top and the 
left a two-inch margin for the use of the editor. ; 

3. It is very desirable that each problem be given a separate sheet; 
also, a separate sheet for any communication not intended for publication. 

4. In any algebraic solution, or system of equations, only those 
should be numbered to which subsequent references are made. 

5. The simpler geometrical solutions should be so worded that they 
may be readily understood without the aid of a diagram. If a diagram 
can not well be omitted, it should be furnished to the editor in duplicate, 
one copy on the sheet with the solution, and another copy on a separate 
sheet, done accurately in ink so that it may be photographed. 

6. All solutions should be in the following standard form: 

(a) The subject heading (Algebra, Geometry, Trigonometry). 

(b) The serial number of the problems in Hindoo figures. 

(c) The name, academic degrees, and postoffice address of the con- 
tributor. 

(d) The body of the solution. 


| 
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CHEMISTRY NOTES. 
The following extracts are from a helpful little book by J. A. Gillin, St. 

Catharines, Ont. 

“It has long been the opinion of the best teachers of Chemistry 
that the principles underlying the subject should be introduced as early 
as possible. For that reason, in the plan bere submitted, the Law of 
Constants, the Law of Definite Proportions, the Law of Multiple Pro- 
portions, some features of the Periodic Law and Avogadro’s Law have 
been introduced at the very beginning of the work, and in practice the 
result has been exceedingly satisfactory. 

“Experience has shown that in carrying out this or any other plan, 
the aim should be to give the student experimentally, and as quickly as 
possible, a comprehensive notion of the atomic theory. 

“In so doing, care should be taken not to make use of experiments 
which would be confusing, or which would become a burden to the 
memory. Hence the beginner should perform, or see performed, only 
such experiments as would have some practical value in illustrating 
the principles underlying the subject.” 

“In the suggestions that follow, it has been assumed that the student 
has a knowledge of elementary physics, or in other words, is familiar 
with the physical properties of liquids and gases, and hence that he 
has acquired some facts which would aid in introducing the atomic 
theory. 

“First, by means of experiments, the beginner should obtain a knowl- 
edge of a physical change, a chemical change, the conditions that pro- 
mote a chemical change, and the difference between a mixture and a 


compound, etc. 
“Attention might also be drawn to the great number and variety of 


-chemical compounds. Then the question naturally arises, are the sub- 


stances which enter into a combination themselves compounds? 

“This introduces the elements, their number, their symbols, and what 
the symbols denote, the fact that the elements have not been decom- 
posed, and that they may be divided, in a general way, into metals and 
non-metals; and further, it brings up the important question, how do 
elements combine to form compounds? Such a question may be most 
easily answered by the analysis and synthesis of water, or the analysis 
and synthesis of hydrochloric acid. In these experiments the student 
sees the gases, oxygen, and hydrogen, and hydrogen and chlorine, unite 
in definite proportions by volume, and that they must of necessity unite 
in definite proportions by weight. 

“Then, very naturally, come the important questions, Are compounds 
constant in composition, and is it a fixed law that other gases unite in 
definite proportions by volume to form compounds? 

“Do other elements unite in definite proportions by weight? Mani- 
festly the answers may be obtained by means of some good experiments 
to illustrate the Law of Constants and the Law of Definite Proportions.” 

The author suggests the following experiments to illustrate the 
Law of Constants and the Law of Definite Proportions. 
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Ee. 1. Decompose water by electrolysis, noting relative volumes 
and behavior toward combustion. Then collect both gases in same tube 
and explode, “if student is not satisfied that moisture is formed [and 
he has no good reason to be—Ed.] it will be necessary to prepare dry 
hydrogen and burn it in dry air or oxygen, collecting the product in 
a cold dry bottle.” 

Jz. 2. Pass some pure dry hydrogen and oxygen into an eudiometer 
over mercury. Take care that the gases are at the same temperature. 
Measure the volume of each gas and explode. Repeat the experiment 
until the student is convinced that the gases unite in the ratio of 2 to 1, 
no matter what volume of each gas may be present. 

From these two experiments it will be seen (1) that water is 
constant in composition, (2) that water is a compound, (3) that a defi- 
nite volume, and hence a definite weight, of hydrogen unites with a 
definite volume and weight of oxygen to form water vapor. 

To answer the question, Do other gases unite in definite proportions? 
dry hydrogen chloride is used. 

There are two very important advantages in using this gas to 
demonstrate these facts. First, only inexpensive apparatus is required. 
Second, the experiments may be used for the purpose of showing that 
molecules of hydrogen and chlorine each contain two atoms, but at a 
later stage in the work. 

Ex. 3. Pass a current of hydrogen chloride gas through the eudio- 
meter until all air is expelled, then quickly close stopcock on upper 
end of one arm of tube, and pour mercury into the other arm to close 
the bend, and half fill the open arm. Allow gas to escape through 
stopcock until level of mercury is same in both arms. Mark height of 
mercury in closed arm. Drop sodium amalgam in open arm, and fill 
to top with mercury; close with thumb and pass gas backward and 
forward a number of times through the mercury by tilting the tube 
Finally hold the tube erect [with all the gas in the closed arm—Ed.] 
raise the thumb and allow air to enter open arm. Pour in or remove 
mercury until it is the same height in both. 

The gas in the closed arm should now occupy half the volume that 
it did at first. Tilt the tube so that the mercury will press on the gas 
in the closed arm, cautiously open the stopcock and hold the nozzle 
[fitted with separate glass tip—Ed.] to the flame. 

A modification of the same experiment may be performed by partly 
filling bent tube with hydrogen chloride gas over mercury, then in- 
troduce in the bend of the upper part a small piece of dry sodium. On 
heating the latter the gas is decomposed as before, leaving half its 
volume of hydrogen. 

Er. 4. Pass equal volumes of pure dry hydrogen gas and chlorine 
gas into a graduated tube or eudiometer, over mercury. 

About 6 cubic centimeters of each will be sufficient. Have the 
graduated tube in a very dim light while mixing the gases. When the 
tube is ready place in the sunlight, or burn magnesium ribbon near it. 
and chemical union will ensue. Some water may be passed into the 
tube by means of a pipette, and the hydrogen chloride will dissolve. 
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The laws may be demonstrated to hold true when solids, or a solid 
and a gas combine, by the following experiments, which require a 
delicate balance. 

Ev. 5. (a) Into a hard glass tube, which has been weighed, intro- 
duce a weighed quantity, about a gram, of copper oxide, pass dry hy- 
drogen through this tube until all air is expelled, heat the tube and 
oxide to redness, cool while hydrogen is passing through and find the 
weight of the remaining copper. 

Calculate the combining weights of oxygen and copper. It is best 
to have a piece of rubber tubing on the end of the glass tubing, so as 
to drive off moisture without igniting the surplus gas. 

(b.) Heat the copper that is left in a current of air, and find 
the weight of copper oxide that is formed. This may best be done by 
attaching an aspirator, or a rubber bulb with valve similar to those 
used in a rubber syringe. 

Er. 6. Take a clear sheet of mica about eight inches long, and four 
or five inches wide, roll in form of a cylinder, having ends overlap about 
an inch. Firmly fasten the ends together with any good cement. 
Around the cylinder place a couple of fine rubber bands, to hold it 
securely. Take two small pieces of mica, to place on top and bottom 
of the cylinder. These need not be secured. 

Through a small aperture, made with a fine needle in the center of 
one of the small pieces, place a piece of platinum wire about one and 
a half inches long, and fastened at one end to close the aperture. 

On the other end of the wire make a small hook. Weigh the appara- 
tus, including cylinder, two small pieces of mica and platinum wire. 
Now weigh a piece of magnesum ribbon, about two inches long, hang 
it very loosely on the hook, and place it in the upright cylinder. Do 
not let the lower end of the ribbon extend below the lower aperture 
of the cylinder. 

Ignite the magnesium ribbon, and instantly place on the piece of 
mica. Press on the upper surface of the apparatus, to prevent escape 
of any fumes. 

Weigh the apparatus when cool, and calculate the combining weights 
of oxygen and magnesium. 

The accuracy of the experiment largely depends upon weighing, 
before and after ignition, at about the same temperature and with the 
same weight of air present in each case. 


Electrolytic Manufacture of White Lead by the Luckow process 
is now being carried out at Wengerohr, Germany; the yield being 3.5 
to 4 kg. per kilowatt hour. The electrolytes are composed of 3 per cent 
solutions as a maximum, but the best results are with 1.5 per cent 
solutions. These contain 90 per cent sodium chlorate and 10 per cent 
of carbonate. 
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ZOOLOGY NOTES. 


A New Guide to the Study of Birds. During the past few years 
numerous books have been published which have been especially de- 
signed to assist beginners in the study of birds. One of the most 
recent of these is a very convenient little pocket guide by Chester A. 
Reed. It is entitled Bird Guide Part Two, Land Birds East of the 
Rockies, and is published by Chas. K. Reed, Worcester, Mass. It has 
brief descriptions and colored figures of birds of the United States, 
which occur east of the Rocky Mountains and have A. O. U. numbers 
from 382 to 766 inclusive. The figures are similar to those found in 
Chapman and Reed’s Color Key to North American Birds and both 
sexes are figured when they differ in color. The birds are treated 
in the order of their A. O. U. numbers and there are no keys. The 
little book contains about 200 pages and is 3144x5% inches and but 4% 
inch thick. In leather the price is 75 cents and in sock cloth 50 cents. 
Part I is promised for the near future. 

This little guide would be useful as a supplement to Walter’s Wild 
Birds in City Parks and largely meets the needs of those who have 
wished for illustrations in the latter book. 


BOTANY NOTES. 
EXPERIMENTAL TREE PLANTING IN INDIANA. 


The determination of the State Agricultural Experiment Station (In- 
diana) to establish in twenty different portions of the state plantations 
for experimental tree growing in order ot demonsrate the feasibility 
and utility of such plantations for posts, poles, fuel and other pur- 
poses is a wise and commendable undertaking. The wisdom of such 
an experiment is beyond question. Heretofore too little attention has 
been given to the growing of trees for utility on the form. If posts 
or poles were needed by the farmer he depended upon the foothills or 
mountains to supply the want. But the hills have become so denuded, 
and timber of this character has become so scarce, something will 
have to be done very soon to meet the necessities of the farm and 
range for timber. 

The species chosen—hardy catalpa and black locust—are without 
doubt the best possible pair of trees for such a test. Both are easy 
to establish, they grow rapidly, and both are exceptionally durable. 
The points chosen are representative of the various soils and condi- 
tions within the State favorable to tree growth. 

The plan of furnishing trees already two years old free of cost, with 
ample instruction and supervision for ten years without charge, should 
induce every wide-awake farmer within reasonable distance of the sta- 
tions designated to volunteer at once. It is opportuniy of rare impor- 
tance and one no enterprising land owner should permit to pass by 
without an effort to improve it.—Arboriculture. 
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Bulletin No. 63, “The Natural Replacement of White Pine on Old 
Fields in New England,” by S. N. Spring,Forest Assistant in the Forest 
Service, will soon be ready for publication. 

This bulletin describes the life history of the white pime tree, its 
requirements as to soil, light, and moisture; its enemies, and its dangers 
from frost, storm, and fire; traces the maturing, germination, and dis- 
semination of its seeds; studies the development of white pine wood 
on old fields and pastures in New England; discusses present lumbering 
methods and the right of way to secure reproduction when cutting white 
pine woodlots; and gives figures and tables to show the yield and the 
value of merchantable second-growth white pine, and the profit which 
may be had by devoting due care to natural and to planted groves of 
this tree. 

Applications for this bulletin should be made to The Forester, U. 8. 
Department of Agriculture, Washington, D. C. 


ANNOUNCEMENT. 


Through four issues of this journal, closing with February, we 
have published an instalment of Mr. Blakslee’s Culture Course in math- 
ematics. The instalments published have been sequential parts of the 
course beginning with the first. Our idea was to give our readers a 
clear idea of the nature of what seemed an extremely suggestive and 
helpful course for high school teachers who are seeking for some way 
out of the formal ruts of the mechanized matter being foisted upon 
them by the eviscerated texts which publishers show no tendency to 
abate. The press of other matter which comes to us from numerous 
associations that have made our journal their official organ, precludes 
the possibility of our continuing with this course. Mr. Blakslee has 
fortunately embodied his course in a neat little pamphlet that may 
be had at nominal cost by those who may be interested in following 
his course further. This decision of the editors is not to be construed 
as any discourtesy to Mr. Blakslee but is rendered necessary by recent 
developments that are very urgent upon us. If it were possible we 
should be glad to give the entire course to our readers. 

MATHEMATICAL EDITOR. 


The Indiana State Science Teachers’ Meeting occurs this year on 
the last Saturday in April. Those interested should write Leonard 


Young of Evansville. 
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REPORTS OF MEETINGS. 
AMERICAN MATHEMATICAL SOCIETY—SAN FRANCISCO 
SECTION. 


A regular meeting of San Francisco Section was held on Saturday, 
February 24. The first session opened at 11 a. m. at 19 Salvatierra 
Street, Stanford University. The second session opened at 2 P. M. 

The following papers were presented : 


MorRNING SESSION. 

1. The theory of the reducton of hyperelliptic integrals of the first 
kind and of genus 2 to elliptic integrals by a transformation of the 
nth order.—Dr. J. H. McDonald, University of California. 

2. On multiply transitive groups—Dr. W. A. Manning, Stanford 
University. 

8. A new kind of congruence-group and its application to the group 
of isomorphisms of any abelian group. (Preliminary report.)—Mr. 
Arthur Ranum, Stanford University. 

4. On the orderly listing of substitutions.—Professor D. N. Lehmer, 
University of California. 

5. Note on the values of z of given modulus which give maximum or 
minimum values to the modulus of a given rational integral function 
of z.—Professor D. N. Lehmer. 


_ AFTERNOON SESSION. 

6. Note on Legendre’s theorem.—Professor R. E. Allardice, Stan- 
ford University. 

7. On the multiple points of unicursal curves.—Professor R. E. Al- 
lardice. 

8. Outline of a projective differential geometry of curved surfaces. 
(Preliminary report.)—Professor E. J. Wilczynski, University of Cali- 
fornia. 

9. Method of dealing with the problems connected with prime num- 
bers. (Preliminary report.)—Mr. E. T. Bell, San Francisco. 

10. . Theorems on perfect numbers.—Dr. T. M. Putnam, University 
of California. 

11. A method of simultaneous approximation to two consecutive 
roots of an algebraic equation of degree nm all whose roots are real.— 
Dr. J. H. MeDonald. 

12. Remarks on the calculation of roots of Bessel functions.—Dr. 
J. H. MeDonald. 

13. On collineations. (Preliminary report.)—Professor M. W. Has- 
kell, University of California. 

14. Groups in which every subgroup of composite order is invariant, 
and a new chapter in trigonometry.—Professor G. A. Miller, Stanford 
University. 

15. The groups which contain exactly thirteen operators of order 2. 
—Professor G. A. Miller. 
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THE PHYSICS CLUB OF NEW YORK. 


The above club has held two meetings thus far in the school year. 
The second meeting of the year was held at Columbia University, 
January 27, 1906. 

Prof. Wm. Hallock of the university repeated in a very able manner 
the experiments of Prof. V. Bjerknes of Stockholm, lecturer at Colum- 
bia University during the past year. 

The experiments, which are entirely new in this country, from the 
basis of a mathematical discussion by Professor Bjerknes of the ana- 
logies between Magnetic and Hydrodynamic fields of force, and are 
at once striking and instructive. 

Dr. Charles Forbes then exhibited models of ten pieces of demonstra- 
tion apparatus recently devised by him. All were new, simple in con- 
struction and exceedingly well adapted to the end sought. 

Five new members were elected, making the membership up to its 
constitutional limit of fifty. 

The next meeting will be held in the evening and entirely given up 
to the exhibition and inspection of new or improved apparatus in use 
by members of the club. FRANK J. aufNorD, Sec’y. 


NATIONAL EDUCATIONAL ASSOCIATION. 


The Executive Committee of the National Educational Association 
has selected San Francisco, Cal., as the place of meeting for the Forty- 
fifth Annual Convocation, July 9-13, 1906. The teachers and citizens 
of San Francisco are making extensive plans for the entertainment of 
the Association and a General Convention Committee has been organized, 
on which is found a large number of the prominent active members 
in California, the governor of the state, the mayor of San Francisco, 
and many other representative citizens of the city and state. From 
this number a Local Executive Committee of eleven has been appointed, 
each member of which is chairman of a subcommittee having in charge 
specific interests, as follows: 

Rufus P. Jennings, Chairman, 25 New Montgomery St., San Francisco. 

Alfred Roncovieri, president of the San Francisco Board of Educa- 
tion; chairman of Committee on Reception. 

Thomas J. Kirk, state superintendent of public instruction, Sacra- 
mento, Cal.; chairman of Committee on Excursions and Transportation. 

P. H. McCarthy, president of San Francisco Building Trades Council, 
chairman of Committee on Halls. 

Fred J. Koster, president of California Barrel Co.; chairman of 
Committee on Police. 

William H. Langdon, superintendent of San Francisco Public Schools ; 
chairman of Committee on Program. 

W. L. Crowall, president of W. L. Crowall Co.; chairman of Com- 
mittee on Hotels and Accommodations. 

James A. Barr, president of California Teachers’ Association, Stock- 
ton, Cal.; chairman of Committee on Membership. 
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R. B. Hale, treasurer of Hale Brothers; chairman of Committee 
on Publicity and Printing. 

Marcus L. Gerstle, of Thomas Gerstle & Frick; chairman of Com- 
mittee on Finance. 

Dr. George K. Frink, president of Thomas Downing Co.; chairman 
of Committee on Decorations. 

A. H. MacDonald, principal of Lincoln Evening School; chairman of 
Committee on Registration and Information. 

Correspondence on local San Francisco matter should be addressed 
to Rufus P. Jennings, chairman of the Local Committee of the N. E. A., 
25 New Montgomery Street, San Francisco, Cal.; on all other matters, 
to Irwin Shepard, General Secretary of the N. E. A., Winona, Minn. 


BOOK REVIEWS. 


Einrichtungen und Apparate fiir den Physikalischen Unterricht, sowie fiir 
Uebungen im Praktikum, nebst Literaturangaben und Gebrauchsan 
weisungen, von E. Leybold’s Nachfolger, Cologne. 

This is a very complete and exhaustive catalogue of physical apparatus 
and fittings made by this firm. The book contains 901 pages profusely 


illustrated. It is a fine illustration of German enterprise. Most of the 
apparatus is for demonstration and the lecture room. 


The Standard Webster Pocket Dictionary. Beautiful flexible black 
leather binding (only), gold stamping, gilt edges, indexed, 224 pages, 
35c. Laird & Lee, Publishers, Chicago. 

This is the most valuable vest pocket dictionary we have ever seen. 

30,000 words are defined and pronunciation indicated by diacretical 


marks. Among the valuable features are: A Dictionary of Rhymes;- 


Sixteen full-page maps in colors; Parliamentary Rules; A Perpetual 


Calendar; Metric System compared with the American System; Four 
Pages of Conversion Tables; Six pages of Synonyms; A Thumb Index; 


Rules for Punctuation; Postage Rates, etc. It is an entirely new book, 
being copyrighted in 1905. 


A Handbook for Teachers of Chemistry in Secondary Schools, by 
J. A. Giffin, is the title of a little book of 75 pages from which sey- 
eral extracts for this journal have been taken. Chapter I presents a 
clear and comprehensive outline of how to teach the Chemical Equa- 
tion, illustrating the law of Constants, and the Law of Definite Pro- 
portions; how to represent molecules and their reactions upon each 
other; formule of compounds; Mendelejeff’s table; Valence; Explana- 
tion of the laws of Multiple Proportions, Definite Proportions, and 
Avogadro’s Law; Molecular Volume and Atomic Weight; What is an 
Element? and Chemical Equation. 

Chapter II gives a good method for pupils to use in handling nox- 
ious gases, where hoods are not available. 

Chapter III contains useful hints on apparatus. Chapter IV a 
simple method of Gas Analysis. Chapter V general hints. 

This book contains many valuable suggestions, but few errors 
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typographical or otherwise, although the statement concerning a biva- 
lent element (p. 25), being one which will not unite with more than 
twa hydrogen or chlorine atoms, might be improved and the investi- 
gations referred to (p. 33) have not been generally accepted as show- 
ing that arsenic is not an element but a compound of phosphorus. 
A. L. S. 
Advanced Algebra. By Arthur Schultze. The Macmillan Company, 66 
Fifth Avenue, New York, pp. xiv + 562; 1905, $1.25. 

The mathematical text-book for secondary schools which ignores 
psychological demands and flouts at pedagogical requirements is rap- 
idly passing. It is only the academician who, knowing little and caring 
less about the work of secondary education, writes the text nowadays 
in which the perfection of adult logic is attempted from the outset. 
It augurs well for practical education that a secondary text, whose 
main function is te permit its author to pose as a paragon of pro- 
found and useless learning, is being quietly set aside by teachers and, 
as a consequence, refused by publishers. 

The difficulty heretofore, as implied above, has been that the writers 
of secondary mathematical texts have had no intimate contact with 
secondary education. Mr. Schultze, on the contrary, has had a long 
and unusually successful experience as a teacher of high school pupils, 
and his algebras—for he is also the author of an elementary algebra— 
show him to be familiar with the mathematical possibilities of such 
pupils. This is shown in the topics omitted, as recurring series, con- 
tinued fractions, etc., as also by the simple and direct mode of treat- 
ing the customary subjects. To the high school boy his mathematics 
is important because it teaches him how to solve problems. The equa- 
tion seems to him the most important thing in algebra because it is 
the great instrument for problem-solving. Mr. Schultze has done well 
in developing the science so largely through the solution of problems 
and equations. This is done, moreover, without in any way impair- 
ing the scientific demands of the subject. 

Another point of excellence the writer cannot refrain from advert- 
ing upon. In taking up the various topics there is a commendable 
lack of philosophical talk about numberless matters more or less re- 
mote from thé main bearings of the topic in question—matters about 
which the pupil does not and cannot know anything until the 
main outlines of the topic have been grasped. The essential points 
are set out clearly and no more of them than it is desirable that the 
pupil can and should comprehend fairly well very early in his study 
of the topic in hand. 

Graphical work is included, but in such fashion as to throw the 
emphasis of the author's sanction against the organic need for graph- 
ical work in algebra. As the writer has said elsewhere, he does not 
see any strong need for graphs in secondary algebra, if the subject 
cannot be presented so simply and clearly as to be taken up in time to 
illuminate the simple equation as well as the solution of simultaneous 
equations. To add a chapter on graphs after the main difficulties of 
these topics have been mastered is, in the writer’s opinion, distinctly 
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superfluous. Instead of making graphs the seventeenth chapter and 
suggesting omitting it until algebra is learned, the writer would have 
made graphs, as an instrument for lighting up the subject, an inci- 
dental but organic part of about every chapter from the fifth on. 
Lastly the writer submits the proposition that a separate and distinct 
chapter, treating graphs in an isolated way, is essentially bad in a 
secondary algebra. 

The writer does not believe in the presentation of the principles of 
factoring under the aspect of type forms as the author does it, for 
the reason that to high school boys and girls the type forms do not 
typify anything. Such a presentation has only a formal value. The 
type-form treatment might do very well as a second treatment of the 
subject—not as a first. 

Finally, instead of having a 562-page treatment of the subject for 
secondary schools the writer would have preferred to see a 400-page 
treatment. Nor would it impair the usefulness of the book if 160 
pages were taken out of it. Nevertheless, among the numerous books 
now offered high school teachers of algebra this book will take rank 
as one of the very best, for each teacher can easily select the 160 pages 
he wishes to drop. G. W. M. 


BOOKS RECEIVED. 


Elementary Algebra. By Walter R. Marsh, Head Master Pingry 
School, Elizabeth, N. J. Pp. 395. Chas. Scribner’s Sons, New York, 
1905. 


Practical Lessons in Electricity. Selected from the Text-books in 
the Electrical Engineering Course of the American School of Corre- 
spondence at Armour Institute of Technology, Chicago, Ill. 1905, $2.00. 


The Elements of Geometry. By Walter N. Bush, Principal Poly- 
technic High School, and John B. Clarke, Dept. of Mathematics, Poly- 
technic High School, San Francisco. Pp. 355. 1905. Silver, Burdett 
and Company, New York and San Francisco. 


West American Shells. By Josiah Keep, A. M., Professor of Nat- 
ural Science, Mills College, 1904. Pp. 360. The Whitaker and Ray 
Co., San Francisco, $2.00. 


Shells and Sea Life. By Josiah Keep, A. M., Professor of Natural 
Science, Mills College. For fifth, sixth and seventh grades. Pp. 199. 
1901, The Whitaker and Ray Co., San Francisco, 50 cents. 


The Universal Kinship, by J. Howard Moore, Instructor in Zoology, 
Crane Manual Training School, Chicago. Pp. 329, 1906, Chas. H. Kerr 
& Co., 56 Fifth Avenue, Chicago, $1.00. 


Introduction to General Inorganic Chemistry, by Alexander Smith, 
Professor of Chemistry and Director of General and Physical Chemistry 
in the University of Chicago. Pp. 800, 1906. The Century Co., New 
York, $2.25 net. 
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Personal Hygiene Designed for Undergraduates, by Alfred A. Wood- 
hull, M.D., Brigadier-General U. S. Army, retired, lately Colonel Medical 
Department U. S. Army. First edition, 1906. John Wiley and Sons. 
New York. Pp. 221. $1.00. 


NATIONAL EDUCATIONAL ASSOCIATION EXCURSION. 


Readers of ‘‘School Science and Mathematics’’ who are planning 
to attend the National Educational Association Convention in July 
are invited to join a party to be conducted by the publishers. Two 
of the best scenic routes will be selected and provision made for 
stops at places of special interest. A congenial company of teachers 
interested in similar lines of work will constitute the party. 

Further announcement will be made in the May number. 


PUBLISHERS’ NOTICE. 


Any of our subscribers who may be in arrears for their subscrip- 
tions are earnestly requested to send us the amount of their indebt- 
edness at the earliest convenience. We are obliged to meet our print- 
ing and other bills each month, with cash. Pardon us for calling 
attention to this matter, but we do need the cash. 


